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Job  1330 

Pro.lect  <0-7-?29 

smcimiQkt  PUTJP8  FHD?«  SELECTft:  S^iOLISa  H&JifWQODS 
(m4DI.^-  AVSB)  FOR  FHOT  UCTIO!*  GF  QORRU  047180  Whm 
(In  coops^rstion  with  SrtdfeKd  *ap«r  HiBs  tondon,  ^hfland) 

i.  TOJ,^*1S,  Ch«Ri*t 
•ltd 

F.  k.  SIKMC*r.S,  Chwaiat 

Foreart  ?1*odttcta  lAborat«py,i  Fors^t  ?enrlc« 

U.  S*  !«partsM»nt  of  Afrieiiltur® 


Buoamry  and  Conclu»lcatg 

In  reooi^tion  of  th«  g«n«rftX  nii«d  to  Inereaso  thct  us«  of  locally 
•v«ilabl<?  hard%rooda  for  paporwaking  pulpe,  • study  of  the  neutral  sulfite 
semicheaical  pulping  of  several  l^gllah  harcbiooda  for  the  production  of 
corrugating  board  was  aad®  at  the  U*  Forest  JVoducte  lAtJoratory  in 
cooperation  with  t>»  Bridgend  Paper  Mllle  Lind  ted  of  ionden,  " nglard# 

Two  neutral  sulfite  pulps  were  produced*  One  of  these  pulps  was  made 
frofsi  a mixture  of  $0  percent  of  pedunculate  oak*  15  percent  each  of  ash 
and  birch,  and  10  peresmt  each  of  beech  and  jQrca^re,  all  wood  being  peeled. 


"t^Rintalned  at  !‘kidi«on,  w'ia*,  in  cooperation  with  the  University  of 
^isoenstn. 
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fii»  .l>-iJH«rt  » «8oXtfQ  ^£«^^^!i^te^^t?s•^|tf■Q  3.3?  fcfeoowb'jftr.  >vj 

r:ol43t3>:3‘tv';  advt  30‘S;  •feoowfjrwd  .£«3»ip»»  £wis 

sii  HtJaxTbo-f:  i»«no'^  *'^  -t?  «i^sf  »o««r  »<*iw  $fif* 

' »ftoHf?<a  'So'&iilH-l  aOM  3»’.!«'^t  torV^>-i3'"'  ^»U  cl^Sw  r*atJ 

ef;»  3o  a«i3  •baixa&oiq  ^»3»w  « 

f'afi  to  Jtioi*®  <X  *;.'5eo  fif»?.s,.£ii.'£»Wf>»q  "io  v?ss»Q^-^<  OiJ  'i^”^^^^^■:i;n 

,?;»•!>  £a»»<j  jVii?*--'  ‘>ooM  £X«  .»aa#3  t«  do»a  OX  »afe  *rf;. 


"io  ^^;4'l«'r«v’Jtt.w  dxlfivu'  fj®i*fft'^':«.<|Oo»  «j,£  ,4«'Ja«.,«'fc.#''  4‘» 

•inti'Bf 


of  pulp  wi»  d2,7  p«r©«Ht  on  bapio  for  oetfe  wood  and 

pulp«  rpp  ©eeond  fHilp  va»  a»d«  u£|>$«l«d  la  yittld  of  79*9  pesrcont. 

tho  oirmraeterlstlce  of  %imm  ficodo  ^rero  siadUUr  to  toose  of  l^ortb  mmrLem 
PsurPwooda* 

CorrufotiAg  boards  vnrs  »sd«  frcMn  tbos«  |»dps  and  ooabinod  to  slnglo» 
faced  oorrugatad  boards,  using  a ccov^^rclal  l6»polni  Juts  board  for  the 
liners. 

^3omoarl«Dn  of  the  corrugating  and  oorrui^ted  hoards  with  d^si^erciaX 
and  sjsperin^ntal  boards  of  like  oo»posltion  showed  the  boards  f^da  froa 
the  oiglish  hardwoods  to  be  outatandiag  in  quality. 

Of  esiieclal  interest  is  tiw  high  quality  of  board  inada  frcn  the  haaa2, 
deapite  the  fact  tits  bark  was  not  reaoved  frtm  the  wood. 

Introduction 

The  need  for  inoreetsd  use  of  Icoslly  swaileble  hardwoods  as  raw 
3j»teri«l  for  p«pers»klng  pulps  Is  generally  recognised  .£  The  neutral 
sulfite  seanlchemlcal  process,  developed  at  the  Forest  ^hroducts  Laboratory, 
is  especially  suitable  for  producing  pulps  high  in  yield  and  In  quality 
IVeui  hardwoods.  The  redaction  of  hardwoods  to  pulp  by  this  process  for  the 
prococtlon  of  corrugating  boards  is  well  established  in  IKorth  ^rlos.  An 
exteoslon  of  this  usags  whsrever  dssirabls  should  bs  broadly  advfurtafeous. 

^aw  ifeterials  for  Here  Paper.  FAD  Forestry  and  Forest  vroducts  'Stod^  Mo. 

6.  food,  and  Agriculture  Crgmnisation  of  the  tJnlted  Jfetlons. 
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Aa  * contribution  t4M&rd  tM.«  obj«ctiv«,  » study  of  th©  n«itrsl  sulfit* 
somlchssslcauL  pulping  of  several  English  h»i^t«KK>ds  for  tbe  procHtetion  cf 
oorrui^ting  boards  vat  at  tbe  U.  3*  Forast  ^ rcducta  Laboratory  in 
cooperation  vith  tha  Bridgend  Paper  MiXla  liadtad. 

<^ith  reepect  t©  wood  supply,  tter  problssa  vat  approached  realistically. 
Cm  palp  was  ««de  fro»  unpeeled  iMiael}  the  other,  IVo«  a lBlt3tt^3^e  of  50 
percent  pedunculate  oak,  15  percent  each  of  ath  and  birch,  and  10  percent 
each  of  beech  aiw3  sycaatore.  All  of  these  woods  w«re  peeled  before  being 
pulped. 

of  these  pulps  was  mde  into  oorrugatinir  board  on  the  laboratory 
I2*inch»triffi  Fourdrinier  paper  sutohine.  Tbs  oorrugating  boards  were  then 
oonblned  to  single- faced  corrugated  taoardt,  using  a TOsmerclal  16- point  Juta 
ti?et  liner,  t^oth  corrugating  end  corrugated  b-oarda  were  tested  for  ccsjiparl- 
son  with  other  erperiramtal  and  cottnercial  boards. 

t.xperl«ntal  ?art 

The  ^ods 

Certain  oi»railc»l  and  physical  characteristics  of  several  English 
hardwoods  are  given  In  table  1.  The  species  used  in  the  proruction  of 
pulps  for  corrugating  palps  have  been  enuaersted  in  the  foregolnt:.  Visual 
Inspection  of  these  species,  as  well  as  the  others  listed  In  tabls  1, 
showed  taco  to  be  In  a sound  condition.  The  test  values  reported  were 
within  the  range  of  similar  values  for  Horth  ^wican  hardwoods.  All  date 
reported  In  table  1 were  supplied  by  Bridgend  Paper  stills  tiadtod. 


^m^^;^  mmtim^-&‘ih  if 

%a  mtJi'iti^^m^  fm.i  Xm^m  '^^iql,^rq  S'jiitXssml^timmi 

^■i' ts^sf0^%ys  '1  •isNimt't  •§■  *11  &i^W  ' a^im  ^ms  yiJUiP'j>^t<f9 

nUM:  bm^itd 

mXiM’si^'Wii  ^%S$s^  -.tiow  «i(t:-  ■ivm^nn 
to  * m»'^-  iMii'  'i&^w  iffiG»«EP 

01  isna  ^rs-jr’iJtet  £jsta  iJi58t  la  ■;'<ag!a’i«!>^  »*ti*XsU'>?u»hi»<j 

«&«»««»■ lo  ££*  #. mf^  ffjM^'i 

s9A<r  #i»  Hsiwi^  ^bm  mm  miXm  i\^»i 

«j»'*'^ti8®»c  XMi&r’tm.tUBi  bi%B  4,i>.,i  ftvvis 

Xmm.B*  mi-^  nX  ' mm  mm 

i,£  mtf-  ««'££«  is®  l-.s 

rn-f^sa  »#f//.i9r  j$  ni  ^ ^ ■ 

M»fe  114  /iihMiw  I'^il.  «mi:»  I 


Each  tr««,  after  harf  b«««,  divided  Into  J portlcns.  T'h«  top 

and  butt  loga  were  retained  for  tasting  in  England,  while  the  middle  portions 
ware  ahiisped  to  the  Format  Prodwcts  laboi^tory  for  m»  in  the  investigation® 
reported  here,  flie  wood  averaged  1 to  .6  lnc:hes  in  diametar  under  the  bark, 
ex^cept  for  the  haacl^  Two  clas«.$s  of  haaal  were  received,  one  let  ranffing 
tr<m  1/l-inch  tops  to  about  1 Inch  in  imtt  diameter,  while  the  second  lot 
varied  frvwi  1 inch  to  elightly  over  2 Inchea  in  dtaaeter.  All  of  the  hasel 
and  s portion  of  the  ©ak  were  received  unpeeled*  The  oak  was  hajw^«pe«led 
before  cooking,  while  the  i^tel  was  cooked  with  the  bark  on* 

kewtral  fulflte 

"'  Sei^chOTicaX 

A typical  5/^inch  slxe  of  chip  was  used.  Ghipe  were  screened  to  rewiove 
undesirably  large  and  einall  pieces. 

Since  these  chip*  were  prepared  from  eeasoiMsd  wood  end  were  therefore 
relatively  low  in  taolsture  when  charged  to  the  digester,  they  were  steamed 
in  the  dljieater  for  10  <nlnut«s  at  atmospheric  pressure  In  all  instancee 
befora  the  cooking  liquor  was  added  to  the  digester*  crevloua  experience 
at  the  /©rest  rroducts  Lal>o3nitDry  indieates  this  proced'ure  mialmiaea  the 
difference  between  green  and  aeaaofied  wood  1a  response  to  pulping*  this 
steataing  teonnlqne  reaulta  in  a moisture  eoixie^tt  of  erdps  of  about  SO 
percent* 

After  the  preliminary  steaming,  the  cooking  liquer,  comprising  a 
mljcture  of  teehnical  sodium  sulfite  and  sodium  bicarbonate,  was  added. 
Respective  concentre tiosis,  shown  in  table  2,  were  deicr.'^lned  by  titration* 

•h- 


ioaiitaq  nXlASss  tsSt  sXtew  ,Jia!i(>ea}:  o.(  tea  ImstiAsmt  vtmr  a»«i:  «i,J  iei 

»®Wte»TOt  «■#  „l  »»«  „, 

t.i.t  asSes  .«>,,e.t  d M 4 tesjaw. 

S'Usaw  4«J:-.5w  «*«  t* 

; ■ -.g.’-  ’ 

i*»f  fcaswa  mii  «.Cfc-.e  te^w'  rti  liaai  f utmU-iV  nsrtl 

f»s«<  »a  m .wssKaife  ai  asesci  $ ~.mv  xm^ita  o.t  aloaj:  t 

,e,  »,*„  ^ 

iinv>  »»%r 


9t  *b9r.m9w  item  ,h$tu  atm  qm»"lt9  »«!»•  4ml^\i»  £39  a 

llf^  bm  m-s^ 

kumm-^  miMp  ' 

^4  «»4w  «1  m:,X 

^ma&sml  ll»  «i  s^»4mtm  0|'  ^ 

^p<ilv^T.  piip  ijf^  smv  nmpix  «4-# 

m^m^mk  xt^P%min.1  Pefpmlm-: 

. u,;  ■ ■,  ^-  ,-.v,  ■■ 

.Siai«iif<?  sss^tjas^-J-ta  hm  p&m^nib 

lo  U tm4nm  p^umipt^,  » <si  gtsUp'-^t  ^ 

m mii  x^mkmmtSp  xt^mltp^q  ptu  -t^^-riA 

.»•*(»*«  .w  ,»#sa»^,..9iii  maihtm  it,.*  simm  mihm  tmtoAB^t  t»  »™„-..i- 
.H®>Mwi»  iwateiB^sJ,  «T»«  ,S‘  .XjIM  ai  a'^oiia  ,Me.Mn.fee»n«i  str.Mwtpuw 


F«r  thR  '^slxtor#  «f  hardwood*  th»  volume*  of  cookJbng  liquor  ms  liO  salXims  p«r 
100  pounds  of  wood  (noisturo-fre©  basis)  and  for  th«  haael,  1*5^  i^allcsns* 

?br  eoekSng,  « straifht*lin«  inerease  of  t<eRp«rttnr«  was  us#d  to  ®tts5n  * 
«axi»a»  of  lit}*  C*.  during  a porlod  of  Z*S  hoars*  This  jMxiwuro  was  than 
aaintainsd  until  concentratton  of  sodlua  sulfite  In  ths  cooking  liqiasr 
Md  decrssaced  to  10  grsao  per  liter  (table  2),  Other  cooking  concltions 
and  pulp  yield  values  are  given  In  this  table. 

In  table  2,  digea-&ien  auaher  auffix  "y**  Indies  tea  pulping  was  done 
in  a digester  of  0*S  cable  foot  veltoRe  to  establish  suitable  conditiona  for 
producing  pulp  at  about  flO  percent  yield.  Th®  suffix  Indies  tee  pulpinir 

wa«  dome  in  a liveable  foot  digester  t©  produce  pulna  in  sufficient  quantltie* 
for  psoermking  trials,  Th^  cooked,  bat  pbyalcally  intact,  chip*  fron^  tnese 
largwecale  digestions  were  fiber i«*d  to  pulp  by  a single  pass  through  a 
3<5*«inch  -^©.  hOO  Sauer  disk  mill  (ccameroial  unit).  t,k>n£51tions  ef  refining 
are  given  in  tatle  2. 

Board  laklng 

The  pulps  frem  ttw  hasel  and  the  <-«pectes  oixture  were  run  on  the 
pap«r  machine  without  use  of  a slslng  arent  or  ^chinical  proceeslng. 

IV-eenese  values  for  the  stocks  at  the  heidbox  of  the  paper  ^chlne  were  in 
the  rang?^  of  ^111  practice  in  the  United  ftatee.  Specifically,  these  were 
as  follcwet 
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’smUk^m&  »(M  %i^HS  ^ M 

m»Mi^  «iM-t  «i  isstwil  s^j&.f.gv  %Cs'r^  ^.Zaq  S>fs» 

w"i  «sao^i©£¥Os  »ili!l8i^.?s?i8- ifs-iXtl»(lag>  as?'  sistjaijw  ^„D  c:  ui. 

m^mkhpik  'W  icmm  »bMt  ^ 

ist  *i&Smnkb  Mot.  tiMmHX  » iU  miSb  »m 
m^m  %I.Xmkft^  ^«'<».»  -pmisi^r^!^ \ieit 

& £i^<n>4^  ^ q£jmt  S'W 

to  »(nm  I&  004  i1nul^_. 
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mi  msm  m<^  m%^  ^f'^  ^©t  nnm»»^ 

^:W  M mUm^,  X£i^-  «wf# 
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Species 

> 

1 

Froenese 

s Canad5«an  ;5tandard  t 

'■ichooper-  Hlegler 

t 

HI. 

t 

HI. 

%seX 

t 

} 

710 

i^txture  of  five  * 

i 

6d0 

:ti. 

t 

t 

Thee©  ooirrugatinii:  boards  were  ecinbtn«d  to  elngl«»f«c©d  corrugated 
t»ard»  with  use  of  A^flute  roll#  «Etd  ^diwrt  oilicate  adheelvs.  The  test 
liner  wa»  « cowaerelRl  l6»polnt  ^ute  board* 

liiacujiaion  of  i^eeultg 

t^ood#  and 

The  high  epeelfic  grerlty  of  the  hardwood#  cooked  in  tnlxture,  aeewtftnir 
better  than  (table  1),  Indicated  that  a rel#ttv©l>'  hiidi  yield  of  iRilp 
fr©!8  a volume  unit  of  wood  or  chip#  would  be  obtained.  Oeiwrally  tpeaklng, 
the  tdfh  pentosan  i«d  lew  lignin  content#  of  the  wood#  are  typical  of 
tes^rate  hardwoods.  The  birch  twi«  characterlstieslly  Istfh  in  pentosan 
content.  Althcmgh  the  wood#  were  relatively  young,  they  had  reached  a 
aatiafactory  «tfe  for  puljswood.  While  the  solubility  of  5 percent  of  the 
oak  In  hot  water  was  higher  than  that  of  the  other  Tryrllsh  soeelea  e^ualneb, 
it  ia  lower  t!»n  certain  Kbrth  ^rlcan  oaks.  4 hi^  eolublllty  in  >w»t 
water  frequently  correapond#  to  a low  r®quis*»^ent  of  aodlww  sulfite  for  a 
given  yield  of  pulp*  However,  the  r<Kiuir«ia«nt  of  sodium  sulfite  for  pulping 
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®«f  bJj$m  m^M'^  m *5oow  to 

ta  ZmH\^  *^aw  M t©  !ms  n«fio4w«©  «aJM 

fft  xUmUnX’s.-»in»snmx»  »«w  «?<t  .n?>©»wfmd 

js  ^©jwj*?,  .fo«ft  m&M  ubifcm  d%$mtU- 

■ S’  ■ ,.  " . ■ . ., 

mi4  1©  > t©  rnltm  i©t  »«te 

mi^n  t®  «®d#  *mt&M  trj  sum 

vf«<  A .®jI»d  ©»®l-x©ssi  ii^HtsC"  -rt«sf»;j  *?*«rsX  »1  #1 
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•mt  &^fMm  saeibm  ®#i4-  *qXm  '^.©  M*3l^  f»r||! 


• iSw®iaiQf  ti^iisf,  £/i  <sw  ^miilX 


■ I-*.  .fW  — 


tbe  fidx%wrm  w«»  about  «v«rag»,  Th®  ev^nau^tlon  of  the  aorfiuss  bicsirbon«t« 

■ 

buffer  W8#  eon»if?er^>bl«  to  effect  « p4  of  above  ? in  the  eoeat  cookiair 
llquiisr  (table  2)* 

Aa  1«  also  shown  in  table  2,  yields  ©f  pulps  were  in  the  range  of  83 
to  83  percent.  For  cowparison,  a Wisconsin  mill  produces  from  asj^en  a 
corrugating  grade  of  culp  in  yield  of  about  30  p«re®ret.  In  general,  strerfth 
of  aersichemlcal  pulps  Is  propca^lonal  to  yield  for  a given  species  or  aix* 
ture  of  species.  The  two  pulps  «ede  in  this  study  gave  corruj^ting  board* 
high  in  strength  (table  3).  Possibly  pulp  strength  would  still  be  adequate 
at  the  91  to  87  percent  renge  of  yield. 

Eatperiiagatal  i)eards 

Goa^rison  of  the  test  values  for  the  corrugating  boards  siade  from 
these  pulps  (Machim  Bm  ^oa.  I38O  and  hl6l,  table  3)  with  sioilar  values 
for  other  exneriwental  aisd  oosoeerciaX  board#  Included  in  table  3 shows 
their  quality  was  high,  for  e.xa£^l«f  the  boards  lasde  in  this  study  averaged 
about  11  percent  hlgtor  in  the  rlng»<u*ush  test  than  did  the  other  boards 
selected  as  typical  for  eojispariton.  test  was  in  sccordance  with 

TAP?!  Standard  T-ii72^*  apparatus  and  procedure  used  at  the  Forest 
Products  Laboratory  Is  described  in  Reprint  Mo.  1 In  the  aprierutlx.  As  is 
brought  out  in  this  reprint,  and  also  in  Bvprint  ^©.  2 (si^ndlx),  results 
of  this  test  have  been  shown  related  to  resistance  of  shipping  container® 
to  top  to  bottom  crsshlng  loads.  Other  crush  tests  eleo  used  in  industry 

on  uncoaatoined  boards  include  the  slngle-flttte  and  Ckmcorsl  Methods » 

^onc«ra  Medium  Tester . *4  Test  for  Corrugating  IhMiluas,*’  F.  1.  I<mg 

ar^  0.  0,  iialtenfort  (Container  Corporation  of  Aaerliat)  Fii>r«  Ckmtainers 
and  Paperboard  Mills  3I1,  So,  12,  36,  91,  92,  (rcceanber  19S2). 
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The  aEtoFle-fac«<!  cJOW^paieiS  boaitis  te«t»d  by  m&n»  of  the  flat* 
crush  test  which  is  uised  irldely  In  ths  <!©m«stic  ^r<?  industry.  Test  waluts 
in  the  last  oclwnm  of  3 shew  the  corruratod  boards  m(Se  in  this  study 

averaged  about  25  oereeot  higher  than  did  the  ho»r(?.a  used  for  ooranarison. 

Of  esoeelal  Interact  is  the  hi  gh  quality  of  board  saade  from  the  hazels 
despite  fch*  fact  the  bark  wse  not  removisd  from  the  wood. 

of  the  ccsrruiJBtlng  beards  and  single* jRaced  corrugated  boards 
are  included  in  the  appendix. 

The  high  quality  of  the  ’>oards  produced  from  tiw  FngliBh  hardwood 

I 

fenichemical  pulps  thus  offers  at  least  two  possibilities  of  interest  In 
mill  oraetioe,  A higher  yield  of  pulp  than  those  preaently  made  night  be 
proceed  or  palpa  of  the  sa^  yield  night  permit  olendlnr  in  appreciable 
Quantltlee  of  pulped  waste  oap«:s. 

'••  'i 

Szperlmentel  Tguipp^gnt 

Expopijiiental  aquipsaant  ujsed  in  tbie  inveatigatlon  is  illustrated  and 
described  in  Reprint  tk>,  3,  Appendix. 
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Table  3 • ■ -Data  on  several  corrugating  boards  and  the  corresponding  corrugated  boards 


Furnish 

Ship- 

Machine 

Weight: 

Thick- 

Den- 

sity 

Burst 

Tearing: 

Tensile 

strength^ 

Rlng^ 

Flat4 

No.— 

No.i 

Of  1,000 
square 
feet 

Of 

ream— 

3 : 

ance^ 

Lb. 

Lb. 

Mils 

Gm. 

Pts.  per 

an.  per: 

P.i.w. 

Lb. 

P.B.i. 

per 

lb.  per 

lb.  per: 

cc. 

rm.^ 

2 : 
rm.i: 

HARDWOOD  NEUTRAL  SULFITE  SEMICHEMICAL 

PULPS 

EhUp  plus  screenings 

3152 

24.0 

83.4 

8.2 

0.56 

0.58 

1.22  : 

38.5 

53.0 

28.6 

, 5 

fl.spenr“ 

4044 

26.3 

91.3 

7.9 

.64 

.56 

.76  : 

37.7 

52.0 

Do 

4261 

26.3 

91.7 

7.5 

.68 

.62 

.89  : 

40.5 

50.5 

27.9 

Aspen,  95  percent;  soft- 
wood kraft,  5 percent 

2559 

26.8 

93. 

7.6 

.68 

.61 

.80  ': 

44.4 

58.0 

Chestnut 

9000 

26.6 

92.5 

8.9 

.57 

.27 

.58  : 

20.6 

Mixed  domestic  species, 

80  percent;  waste  paper- 
board,  20  percent 

3556 

26.0 

90.3 

8.5 

.59 

.52 

1.02  : 

3^.1 

52.3 

29.2 

Mixed  English  species^ 

4380 

27.3 

94.7 

7.7 

.68 

.71 

1.23  : 

45.2 

58.4 

32.3 

TT 

Hazel~ 

4381 

26.4 

91.8 

7.3 

.70 

.79 

.82  : 

49.0 

60.5 

35.9 

OTHER  COMMERCIAL  PULPS 


Straw 

: 41-A  : 

: 32.5 

: 113 

: 9.9  : 

: . 24  : : 

: : 21.8 

Southern  kraft 

: 41-B  ; 

: 25.0 

: 87 

: 9.0  : 

: .74  : : 

: : 29.0 

1 ^ ■ 

“Shipment  numbers  indicate  commercial  boardsj  machine  run  numbers  Indicate  experimental  boards. 

•^eam  of  500,  25-lnch  by  40-lnch  sheets. 

3 

—Strength  values  are  average  for  the  two  machine  directions. 

k 

Values  obtained  on  A-flute,  single-faced  corrugated  boards. 

^The  same  commercial  semichemical  pulp  was  used  in  these  two  furnishes. 

-Oak,  50  percent;  birch  and  ash,  15  percent  each;  beech  and  sycamore,  10  percent  each.  Digestion  5572-N,  made 
from  peeled  wood. 

7 

"digestion  5571-N,  made  from  unpeeled  wood. 
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.on  of  a formula  for  proH!;-iing  tlje  iop-lo- 
-pressive  strcngiu  of  cormgiucd  A,  B,  and  C- 
:.f-oin  ring-cni.-rli  or  Hlrip-rohnnn  tests  of  ilic 

■ paperboard  s’ocels  iw  disAiusKod.  Application  ot 
s / f >:  use  in  design  of  corrugated  Aberboard 

t;f.'*  specific  tisc  rc-«|uiremeri"s  is  shoMn.  ihe 
t,'  itcttveen  the  static  eotnprcssii  e slrcngtb  of 

■ ’oad  of  storage,  and  durution-of-]oad  are  iu- 
c«i  as  a means  of  inlerpreling  the  kno\»ri  com- 

-gth  of  a bos  bttvina  a specific  moisture  con- 
- T of  another  moisture  conieut  of  the-. fiber- 


made  of  double-faced  coirugated  tiberboar-b  b.ojv.  o 
•the  A and  B-flute  board  was  made  on  ibe  ’-'r}'  k 

conugator  and  was  of  balanced  cou.stv’u'i  •oit  i axoag 
'the  same  basis  weight  of  jnte  or  kruit-  for  both  Tnu  ii; 
combination  with  either  straw,  kvaft,  pinow-.iod,  ( -n.-r!.- 
fiber,  chestnut,  or  aspen  corrugating  me  iioTo-'., 

Other  boards  and  boxes  were  of  A,  B,  .'.nd  C-iiutC' 
construction  fabricated  in  conrniereia!  corrugaied-box 
factories.  Not  all  of  these  hoards  v/ere  of  balanced 
constmction,  although  alhwere  made  of  r- 1,  per  Iron; 'i 
component  materials  current  l.y  ’oeiui 
dally.  Some  of  the  boxes  were  made  iv 


w 

j 

■■  rnyi't.u 


e.'  Quartermaster  l-fsod  and  Com  airier  In- 
“■  he  armed  forces  has  collabore  ied  f ir  several 
Ui  tbe  Forest  Products  Laboratory  on  a basic 
;eve!op  design  criteria  for  use  with  corru- 
if 'board  shipping  containers.  This  investiga- 
.••t-d  consideration  of  earlier  .studies  that  bi- 
h^  evaluation  of  paperlioavd  and  corrugated 
•d  a engineering  materials  a.nd  .showed  the 
pr eperties  of  tire  component  sheets  to  be 
■!  those  of  the  l>uiit-up  hom’d  (J,  S,  4)- 
!.  ' 'rodation  between  certain  strength  nronf’>-- 
h^'V  .-".d  t hose  of  its  components,  which  lt#fCTint 
■i  h-e  ■he  next  logical  step,  is  the  subject  of  this 
L ;ic.-;cribes  results,  tegHSSj 


: N’sis  <d  ihe  component. -j 
arc  Used  in  a method  t he ? \vas  de velopix^ 
'V-  corepressb.^e  strength  of  cori’Ugated  fiber- 


-;s  .VND  PROCEDURES 

a V k'nm  of  material  and  test  methods  were 
. ..  'r.vestigation:  (1)  component  paperboard 
>r’*v  I'.bjected  to  ling-cmsh,  modified  ring- 
r<  ■ I’p  ohirnn  tests;  (2)  built-up  corrugated 
! girott  bending,  shear,  and  flexural-shcar 
: arboard  stiuctures.  called  tubes,  coiisist- 
V y pm:  ids  represeming  a box'  without  top  or 
' ''■:  :,i  oL'cn  compression  tests;  and  (4)  con- 
,t  tapvyed  boxes  were  given  compre,ssion  tests 
lipr'-erc  'h:s'‘;’d  in  a revolving  drum  with  can-type 


.'.ieffiuii  (1/  Coivstruction,  and  Sixe  of  Tuheif  atitl 
rial  All  ('f  -,.he  tubes  and  boxes  tested  were 


. '.uicPi p Englmi.';-,  K.  F.  Ijandt,  TechuoloKist,  Foti'sl  Products 
■•■'tt  y.  al  Madison,  Wia.,  in  cooperatioa  with  the  Univer- 

>■  >'  aia.osir.,  Forsit  Set  /.'  'c,  U.  S.  Department  of  .A,gricu!tnre. 

pnri!.'  .Jai'es  icr  trst:.  ,.{  i>uiit-U!.  corrugated  board  and  their  signifi- 
.V  !■  ;.m  previously  fhr.i'ussed  iC)  and  will  not  ba  repeated  in  this 


used  CVl'iHijuI- 
ibe  Iwborator^' 
from  V3c  and  W6c  boaids  producvcd  counuc’('.,;,.ilIy. 
Other  A’3c  boxes  tested  were  made  by  a oomtr.errial 
fabricator.  Samples  of  the  eorapoi-enr  rna’mn  .tl>  of  all 
the  boards  were  tested. 

Method  of  Constructing  Tubes  and  B(?x-r.  'I'ho  V,ljud>h 
from  which  each  tube  wa.s  made  '.vaw  cut  t's  the  proper 
size  with  a .sharp  power  saw  in  ordei’  to  ■-h.t/.ieafe  the 
crushing  and  tearing  of  the  liners  and  i iirr.iu  iTiv-ris  a.ioi'tg' 
the  edges  that  result  when  a shearing  hii  A.-  n«^d  for 
cutting.  The  joint  was  made  vrith  C'le‘i:ii  h.n''-:v'-;i 
3 in.  wide,  applied  to  the  inside  and  oumbl'  r,rf,i::.c;s  af 
He*  X 'J  and  overlapped  on  oacl?  um--  ! r\/j  . 

in. 

ted  were  th”  r<'.v,-da 

joint.-  fahnwi.iiy,:  i 

The  top  and  a, 

sealed  with  adhesive. 

Sizes  of  Tubes  and  Boxes  Tested,  rtin,  - w- 
from  Laboratory  boards  in  a varieL'  f ' 

35  in.  square.  The  heights  of  the  mi-er 
to  4S  in. 

The  tubes  and  boxes  made  from  ev.;r,  : 

included  not  only  square  but  ob!ur4c  . .-■e 
which  the  length  dimensions  were  mti.-er  t'.v.: 
times  the  width  dimension,  d'lm  u rum  u ;.- 
tubes  and  boxes  ranged  from  B.;  ;.i  l;hj 
heights  were  between  G'/.)  f.nd  hf'i",,  r ru. 
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Tests  of  Paperboard  Cornfnrnen  - 

Modified  Ring-Crush  '/"<  st. 
test  for  paperboards,  whicfi  '■ 

Laboratory,  was  employed  co  dete.fnnue  roe  .'u' 
proportional  limit,  :stress  at  maxlr.umi  b -o.  ■ . -u  ■v.-.-.u- 
lus  of  elasticity  of  liners  and  < orre-i.r.' 'i.r  :.i.  i.uv.os 
The  test  specimen  consisted  of  i v..v  < ws 

of  a paperboa.rd  strip  rolled  inlo  the  fo  •••■>  y >.  Im-iow 
cylinder.  Ti'c  cud  of  the  oufcskle  b<p  cured  to  the 
cyliude*'  by  a fiin;  line  of  adhtwn  d'o  i-rovuie  ha.t 
ends  for  ias*  rtiou  in  the  testing  m.vl.Ine.'  vhe  rads  were 
cast  in  a eompoiiud  of  ester  gum  and  sen  * u % v.  uX  Two 
optical  stniiii  gages  were  atuicbed  to  efud;  ; vHteimen.' 
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Development  of  Design  Data  for  Corrugated  Fiberboard 

Shipping  Containers 

K.  Q.  KELLICUTT  and  E.  F.  LANDT 


The  evolution  of  a formula  for  predicting  the  top-to- 
bottom  compressive  strength  of  corrugated  A,  B,  and  C- 
flute  boxes  from  ring-crush  or  strip-column  tests  of  the 
component  paperboard  sheets  is  discussed.  Application  of 
the  formula  for  use  in  design  of  corrugated  fiberboard 
boxes  to  meet  specific  use  requirements  is  shown.  The 
relationship  between  the  statie  compressive  strength  of 
boxes,  dead  load  of  storage,  and  duration-of-load  are  in- 
cluded as  well  as  a means  of  interpreting  the  known  com- 
pressive strength  of  a box  having  a specific  moisture  con- 
tent in  terms  of  another  moisture  content  of  the  fiber- 
board. 

The  Quartermaster  Food  and  Container  In- 
stitute for  the  armed  forces  has  collaborated  for  several 
years  with  the  Forest  Products  Laboratory  on  a basic 
study  to  develop  design  criteria  for  use  with  corru- 
gated fiberboard  shipping  containers.  This  investiga- 
tion included  consideration  of  earlier  studies  that  in- 
volved the  evaluation  of  paperboard  and  corrugated 
fiberboard  as  engineering  materials  and  showed  the 
strength  properties  of  the  component  sheets  to  be 
correlated  with  those  of  the  built-up  board  {1,  3,  4)- 
A similar  correlation  between  certain  strength  proper- 
ties of  a box  and  those  of  its  components,  which  would 
appear  to  be  the  next  logical  step,  is  the  subject  of  this 
paper.  It  describes  results,  to  date,  of  simplifying  and 
interpreting  tests  of  the  components  and  shows  how 
these  results  are  used  in  a method  that  was  developed 
to  predict  the  compressive  strength  of  corrugated  fiber- 
board  boxes. 

TESTS  AND  PROCEDURES 

Several  forms  of  material  and  test  methods  were 
used  in  this  investigation:  (1)  component  paperboard 
sheets  were  subjected  to  ring-crush,  modified  ring- 
crush,  and  strip-column  tests;  (2)  built-up  corrugated 
boards  were  given  bending,  shear,  and  flexural-shear 
tests* *;  (3)  fiberboard  structures,  called  tubes,  consist- 
ing of  four  panels  representing  a box  without  top  or 
bottom  were  given  compression  tests;  and  (4)  con- 
ventional slotted  boxes  were  given  compression  tests 
and  were  tested  in  a revolving  drum  with  can-type 
loads. 

Material,  Method  of  Construction,  and  Size  of  Tubes  and 
Boxes 

Material.  All  of  the  tubes  and  boxes  tested  were 


K.  Q.  Kellicutt,  Engineer,  and  E.  F.  Landt,  Technologist,  Forest  Products 
Labora^ry,  maintained  at  Madison,  Wis.,  in  cooperation  with  the  Univer- 
sity of  Wisconsin,  Forest  Service,  U.  S.  Department  of  Agriculture. 

* The  procedures  for  tests  of  built-up  corrugated  board  and  their  signifi- 
cance have  been  previously  discussed  (^)  and  will  not  be  repeated  in  this 
paper. 


made  of  double-faced  corrugated  fiberboard.  Some  of 
the  A and  B-flute  board  was  made  on  the  Laboratory’s 
corrugator  and  was  of  balanced  construction  having 
the  same  basis  weight  of  jute  or  kraft  for  both  liners  in 
combination  with  either  straw,  kraft,  pinewood,  chem- 
fiber,  chestnut,  or  aspen  corrugating  mediums. 

Other  boards  and  boxes  were  of  A,  B,  and  C-flute 
construction  fabricated  in  commercial  corrugated-box 
factories.  Not  all  of  these  boards  were  of  balanced 
construction,  although  all  were  made  of  paperboard 
component  materials  currently  being  used  commer- 
cially. Some  of  the  boxes  were  made  at  the  Laboratory 
from  V3c  and  W6c  boards  produced  commercially. 
Other  V3c  boxes  tested  Avere  made  by  a commercial 
fabricator.  Samples  of  the  component  materials  of  all 
the  boards  Avere  tested. 

Method  of  Constructing  Tubes  and  Boxes.  The  blank 
from  Avhich  each  tube  Avas  made  Avas  cut  to  the  proper 
size  with  a sharp  poAver  saAv  in  order  to  eliminate  the 
crushing  and  tearing  of  the  liners  and  corrugations  along 
the  edges  that  result  AA'hen  a shearing  blade  is  used  for 
cutting.  The  joint  Avas  made  AAuth  cloth-backed  tape, 
3 in.  AA'ide,  applied  to  the  inside  and  outside  surfaces  of 
the  joint  and  overlapped  on  each  panel  about  IV2 
in. 

The  boxes  made  and  tested  Avere  the  regular  slotted 
type  and  had  manufacturer’s  joints  fabricated  by  stitch- 
ing, tape,  or  glue.  The  top  and  bottom  flaps  Avere 
sealed  AA'ith  adhesive. 

Sizes  of  Tubes  and  Boxes  Tested.  Tubes  AA^ere  made 
from  Laboratory  boards  in  a variety  of  sizes,  from  2 to 
35  in.  square.  The  heights  of  the  tubes  varied  from  2 
to  48  in. 

The  tubes  and  boxes  made  from  commercial  materials 
included  not  only  square  but  oblong  cross  sections,  in 
Avhich  the  length  dimensions  AA^ere  either  tAvo  or  three 
times  the  AAudth  dimension.  The  perimeters  of  these 
tubes  and  boxes  ranged  from  16  to  120  in.,  and  their 
heights  AA-ere  betAA^een  6V2  and  36^/s  in. 

Tests  of  Paperboard  Components 

Modified  Ring-Crush  Test.  A modified  ring-crush 
test  for  paperboards,  AALich  AA^as  developed  at  the 
Laboratory,  Avas  employed  to  determine  the  stress  at 
proportional  limit,  stress  at  maximum  load,  and  modu- 
lus of  elasticity  of  liners  and  corrugating  mediums. 
The  test  specimen  consisted  of  a number  of  layers 
of  a paperboard  strip  rolled  into  the  form  of  a holloAV 
cylinder.  The  end  of  the  outside  lap  Avas  secured  to  the 
cylinder  by  a fine  line  of  adhesive.  To  provide  flat 
ends  for  insertion  in  the  testing  machine,  the  ends  Avere 
cast  in  a compound  of  ester  gum  and  sealing  Avax.  Tavo 
optical  strain  gages  were  attached  to  each  specimen. 
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By  measuring  compression  over  a definite  gage  length 
on  each  of  two  opposite  sides  of  the  specimen,  reliable 
data  were  obtained  for  use  with  simultaneous  readings 
of  the  applied  load.  Some  specimens  were  prepared 
so  that  the  load  could  be  applied  parallel  to  the  “with- 
machine”  direction  of  the  paper,  while  others  were 
prepared  so  that  the  load  could  be  applied  parallel  to 
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Fig.  1.  A specimen  for  the  modified  ring-crush  test  in 
various  stages  of  preparation 

The  specimen  is  prepared  by  coiling  a paper  strip  (background) 
on  a removable  core  and  casting  the  ends  of  the  coil.  One  end 
has  been  cast  on  the  specimen  in  the  center.  Both  ends  have 
been  cast  on  the  specimen  on  the  right,  which  is  ready  for  inser- 
tion in  the  testing  machine. 

the  “across-machine”  direction.  The  components  of 
the  modified  ring-crush  specimen  and  the  specimen  in  a 
testing  machine  are  shown  in  Figs.  1 and  2. 

Ring-Crush  Test.  Ring-crush  tests  were  made  by 
testing  V2  by  6-in.  strips  bent  into  a ring  in  a specimen 
holder.  The  rings  were  supported  on  their  inner 
surfaces  by  the  removable  centers,  or  islands,  of  the 
holder.  The  removable  islands  varied  in  diameter 
and  were  chosen  according  to  the  thickness  of  the 
specimen.  The  strips  were  crushed  in  a machine  that 
yielded  a single  value,  that  of  maximum  load.  The 
specimen  holder  for  the  ring-crush  test,  and  a specimen 
cutter  are  shown  in  Fig.  3. 

Strip-Column  Test.  A strip-column  test  was  made  on 
a specimen  4 in.  long  that  was  held  straight  between 
two  sets  of  clamp  supports,  so  as  to  provide  a column 
V16  in.  high.  As  with  the  ring-crush  tests,  only  a single 
value  of  maximum  load  was  obtained  as  a result  of 
crushing  the  column  in  a testing  machine.  The  clamp 
employed  and  the  type  of  test  specimen  used  are  shown 
in  Fig.  4. 

Compression  Tests  of  Tubes  and  Boxes 

To  determine  the  relationships  of  size,  shape  of  cross 
section,  and  height  involved  in  the  bending  and  crushing 
of  the  side  walls,  compression  tests  were  made  of  tubes 
and  boxes.  The  tests  were  made  in  a universal  testing 
machine  that  had  a mechanism  for  making  an  auto- 
graphic load-compression  curve  of  each  test.  Before 
test  the  tubes  and  boxes  were  conditioned  in  a con- 
trolled atmosphere.  The  direction  of  the  flutes  in  the 
side  walls  of  the  tubes  and  boxes  was  either  vertical 
(parallel  to  the  direction  of  the  applied  load)  or  horizon- 
tal (perpendicular  to  the  applied  load). 

Drum  Tests  of  Loaded  Boxes.  A number  of  drum 
tests  were  made  of  various  kinds  of  boxes,  including 


those  made  of  A,  B,  and  C-flute  boards  with  either  jiB 
or  kraft  liners.  The  boxes  had  can-type  loads,  and  tl 
weight  of  the  contents  was  approximately  1 lb.  for  ea'p 
inch  of  length  plus  height  plus  width.  Failure  ws 
considered  complete  when  the  contents  spilled  from  tii) 
box  during  the  drum  test. 

DISCUSSION  OF  RESULTS 

It  was  apparent  in  the  initial  studies  at  the  Laboih 
tory  that  the  strength  properties  of  corrugated  fibd< 
board  and  the  component  paperboard  materials  coui 
be  obtained  from  tests  designed  to  yield  engineeri:3 
information.  In  the  early  tests  the  modulus  of  ehi-' 
ticity  of  paperboards,  as  determined  by  a tension  tei, 
was  found  to  correlate  with  engineering  data  frci 
column,  bending,  and  shear  tests  of  the  built-up  corr- 
gated  board.  It  was  desired  also  to  determine  if  i 
similar  correlation  could  be  obtained  for  compress!,?  1 
stresses.  The  modified  ring-crush  test,  one  of  tj, 
more  precise  tests  for  compressive  stresses,  was  found  > 1 
be  useful  in  correlating  the  maximum  crushing  loads  ! 


tivo  optical  strain  gages  attached,  is  oriented  in  the  testii 
machine.  The  ends  of  tivo  auto-collimators,  for  readii 
the  gages,  may  also  be  seen 


fiberboard  tubes  with  the  maximum  crushing  strengi 
of  paperboard.  Its  principal  use  in  this  study,  ho'? 
ever,  was  to  evaluate  simpler  tests,  such  as  the  rin 
crush  and  strip-column  tests.  Both  the  ring-crush  ar 
strip-column  tests  are  considered  suitable  for  use  I 
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^Industry,  and  it  appeared  logical  to  explore  the  feasi- 
*‘nlity  of  using  them  in  accomplishing  the  main  objec- 
^ ' ves  of  this  investigation. 

ii  volution  of  a Design  Formula 

I One  of  the  main  objectives  of  this  investigation  was  to 
, evelop  a method  of  expressing  the  crushing  strength  of 
corrugated  fiberboard  box  using  information  obtained 
“ ' 'om  a simple  test  of  the  component  paperboard  sheets. 
* ! Q the  development  of  this  method,  the  tube  was  used 
1 3 the  intermediate  link  between  tests  of  the  com- 
•l  onents  and  of  the  box.  Therefore,  the  mathematical 
plationships  involved  in  the  bending  and  crushing  of 
lin  plates  representing  each  of  the  four  walls  of  a 
berboard  box  were  initially  established  for  the  tube. 

'^1'  As  paperboard  is  a nonisotropic  material,  it  was 
I jcognized  that  a formula  applicable  to  fiberboard  with 
le  load  applied  parallel  to  the  machine  direction  might 
^lot  be  applicable  to  fiberboard  with  the  load  applied 
^^'erpendicular  to  the  machine  direction  of  the  four- 
' ■ rinier  or  cylinder  paperboards.  With  these  recognized 
laracteristics  as  a guide  a basic  formula  was  evolved 
)r  the  crushing  strength  of  a tube  that  paralleled  data 
eveloped  at  the  Forest  Products  Laboratory  for 
ipplying  the  thin-plate  theory  of  mechanics  to  the 
I esign  of  panels  of  plywood  {7-1 0) . 

relationship  of  Static  Tube  and  Box  Loads 

' The  static  compressive  strength  of  tubes  represents 


M 88995  7 


ig.  3.  Strips  of  paperboard  V2  by  6 in.,  left  front,  are 
i-it  for  the  ring-crush  test  with  the  specimen  cutter  in 
ij  ke  background.  The  specimen  holder  for  the  ring-crush 
I ?st  is  shown  at  the  right  front  with  a paperboard  strip 
artially  inserted  in  it.  In  the  center  front  are  two  re- 
lovable  islands  for  the  specimen  holder  that  are  used 
with  other  thicknesses  of  paperboard 

:S  le  optimum  that  may  be  obtained  with  any  given 
orrugated  board,  and  it  follows  that  this  optimum 
^ 3mpressive  strength  will  not  be  attained  in  corre- 
1 Donding  corrugated  fiber  boxes  because  of  various 
) ictors  that  enter  into  their  manufacture  and  use. 

I )0 




Hence,  in  order  to  use  the  formula  developed  for  the 
crushing  strength  of  a tube  for  design  purposes,  it  was 
necessary  to  establish  the  relationship  between  the  loads 
attained  by  tube  and  by  the  box. 

To  determine  the  relationship  of  the  crushing  strength 
of  fiberboard  tubes  to  the  top-to-bottom  crushing 
strength  of  the  finished  fiberboard  box,  comparisons  of 
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Fig.  4.  The  strip  of  paperboard,  ®/ie  by  4 in.,  held  in  the 
metal  clamps  at  the  right,  is  ready  for  the  strip-column 
test.  A ^/li-in.-high  column  of  paperboard  is  provided 
above  the  top  surface  of  the  clamps.  A test  specimen  is 
shown  on  the  left. 


tube  and  box  loads  for  corresponding  sizes  were  made. 
These  comparisons,  which  included  boxes  and  tubes 
with  square  and  oblong  cross  sections  in  various  heights, 
showed  that  the  relationship  was  fairly  constant  up  to 
certain  limits.  For  instance,  for  tube  loads  up  to  about 
1500  lb.,  the  box  loads  were  approximately  0.7  of  the 
corresponding  tube  loads.  For  tube  loads  greater  than 
1500  lb.,  the  ratio  of  box  loads  to  tube  loads  was  no 
longer  constant  but  decreased  with  an  increase  in  tube 
load.  It  was  observed  that  the  tube  loads  continued 
to  increase  beyond  the  1500-lb.  value,  while  the  corre- 
sponding box  loads  did  not  change  appreciably. 

In  general,  the  maximum  load  that  tubes  of  a given 
cross  section  withstood  decreased  with  an  increase  in 
height  from  2 in.  up  to  12  or  16  in.  depending  upon  the 
kind  of  material  from  which  the  tube  was  made.  A 
further  increase  in  height  had  little  influence  on  resist- 
ance to  crushing.  This  can  be  explained  by  the  fact 
that  the  12,  14,  or  16-in.  heights  represent  the  wave- 
length into  which  any  particular  combination  of 
material  would  shape  itself  under  sti'ess  and  that  the 
greater  heights  were  merely  multiples  of  this  wave 
length  {^).  This  fact  is  illustrated  by  the  tests  of  the 
two  tubes  shown  in  Figs.  5 and  6. 

Increases  in  the  compression  strength  of  boxes  did 
not  occur,  however,  with  decreases  in  height.  This 
can  be  accounted  for,  at  least  in  part,  by  the  end 
condition  of  the  side  panels  of  the  box.  Rolling  and 
bending  takes  place  along  the  horizontal  score,  which 
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is  one  of  the  weaker  points  in  a box,  and  usually  causes 
premature  buckling.  As  a result  the  loads  attained  by 
shorter  panels  in  a box  are  not  greater  than  those 
attained  by  higher  panels  as  they  are  in  a tube  where 
normal  buckling  occurs.  Although  some  differences  in 
loads  were  attained  for  boxes  of  various  heights,  for 


Fig.  5.  Compression  test  of  a 12  by  12  by  12-in.  tube 
showing  a wave  in  the  direction  of  applied  load.  The 
tube  shotvn  was  fabricated  from  B-flute  board  having 
0.030-in.  jute  liners  and  0.009-in.  straw  corrugations 


practical  purposes,  the  box  loads  were  considered  the 
same  for  a specific  cross  section,  regardless  of  height. 

Determination  of  Box  Factors 

The  box  factor,  or  ratio  of  box  load  to  tube  load,  for 
various  cross  sections  and  for  heights  of  12  in.  and 
greater  was  reasonably  constant.  For  heights  of  less 
than  12  in.,  however,  there  was  considerable  diver- 
gence between  the  box  and  tube  loads.  This  was 
because  tube  loads  increased  with  decreasing  heights 
while  the  box  loads  remained  about  constant  through- 
out the  range.  Therefore,  to  eliminate  this  divergence 
by  deriving  a box  factor  that  woidd  apply  regardless  of 
the  shape  of  the  box,  it  was  necessary  to  relate  the  box 
to  a tube  in  which  the  ratio  of  the  width  of  a side 
panel  to  the  height  of  the  panel  was  1.5  or  less. 

Although  it  was  found  that  a single  box  factor  could 
be  used  for  a specific  flute,  the  same  factor  could  not  be 
used  for  all  three  flutes.  Hence,  box  factors  were  deter- 
mined for  A,  B,  and  C-flute  boxes,  so  that  box  loads 
could  be  predicted  from  the  basic  tube  formula.  Fur- 
ther, it  Avas  found  that  the  box  factor  proAuded  a means 
for  adjusting  box  loads  for  the  specific  kinds  of  body 
joints.  Some  tentative  box  factors  that  Avere  deter- 
mined are  included  in  Table  L 

Alignment  Charts  for  Application  of  Formula  to  Boxes 

To  simplify  use  of  the  formula  for  boxes,  alignment 
charts  for  calculating  the  strength  of  A,  B,  or  C-flute 
boxes  AA^ere  constructed  (6).  A typical  chart,  for  A- 
flute  boxes,  is  shoA\m  in  Fig.  7.  To  use  the  alignment 
charts,  determine  the  combined  ring-cnish  strength  of 
the  single-face  liner  (S.F.L.),  the  double-back  liner 


Table  I.  Tentative  Box  Factors  for  A,  B,  and  C- Flute  Box< 


Box  factors  for  boxes  with  flutes 
Type  of  vertical  in  side  walls^ 

manufacturer's  r Flute ^ 

Source  of  boxes  joint  ABC 


Laboratory  made 

Taped 

0.717 

0.752 

0.717 

from  commer- 

Stapled 

0.622 

cial  material 
Commercially 

Taped 

0.667 

0.597 

0.667 

made 

Stapled 

0.564 

^ Box  factors  for  boxes  with  flutes  horizontal  in  side  walls  have  not  bei 
determined. 


Fig.  6.  Compression  test  of  a 12  by  12  by  48-in.  tub  1 
showing  longitudinal  tvaves  just  before  the  maximut  l 
load  was  reached.  The  tube  was  fabricated  from  th  ij 
same  board  used  for  the  tube  in  Fig.  5.  The  load  for  th 
two  tubes  teas  about  equal 


(D.B.L.),  and  the  corrugating  medium  (C.M.).  Fc 
A-fiute  boxes,  this  strength  is  determined  by  th| 
formula  i 

S.F.L.  + D.B.L.  + (1.523  X C.M.)  I 
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I or  B and  C-flute  boxes,  the  same  formula  is  used, 
'\cept  that  the  take-up  factor  for  the  corrugating 
li  medium  will  be  1.361  and  1.477  for  B and  C-flute  boxes, 
ispectively.  With  the  combined  ring-crush  strength 
id  the  appropriate  box  factor  the  top-to-bottom 
i-ushing  strength  can  be  determined  from  the  align- 
:ient  charts  as  illustrated  for  A-flute  boxes  in  Fig.  7. 


ii^sing  a straightedge,  connect  the  appropriate  combined 
ing-crush  strength,  point  A,  with  the  box  perimeter, 
oint  C.  With  point  B as  a pivot,  orient  the  straight- 
lige  with  the  box  factor,  point  E,  and  read  the  load  on 
le  compressive  strength  scale  at  point  D. 

tacking  Strength  of  Boxes 

I The  compressive  strength  provides  an  index  for 
etermining  other  significant  properties  of  the  box  of 
'hich  one  of  the  most  important  is  stacking  strength, 
t is  known  that  corrugated  fiberboard  boxes  cannot  be 
xpected  to  support  indefinitely  a stacking  load  equiv- 
lent  to  the  load  attained  by  a compression  test  of  the 
ox  in  a testing  machine.  Although  some  large  users  of 
berboard  containers  have  established  their  own  stack- 
ig  limits  for  boxes  in  storage  (4),  and  some  basic 
tudies  on  stacking  loads  are  in  progress,  more  work 
i needed  to  determine  the  portion  of  the  compression 
3st  value  that  the  box  can  be  expected  to  support  for 
|pecific  periods  of  time  in  various  storage  atmospheres. 

I To  determine  the  information  deemed  necessary  to 
stablish  load  limits  for  specific  periods  of  storage,  long- 
ime  loading  tests  were  made  of  several  kinds  of  A 
nd  B-flute  boxes  in  several  different  atmospheres  (5). 
'he  results  thus  far  obtained  indicate  clearly  defined 
) rends  and  relationships  between  the  compression  test 
>alue  of  a box,  as  determined  in  a testing  machine, 
Ae  magnitude  of  the  dead  load  of  storage,  and  the 
uration  of  loading.  These  relationships  were  the  same 


for  various  atmospheres.  Hence,  it  was  determined 
that  the  influence  of  moisture  content  of  the  fiberboard 
could  be  tied  in  directly  with  design  by  determining  its 
influence  on  compressive  strength. 

Relation  of  Moisture  Content  of  Fiberboard  to  Compres- 
sive Strength 

The  influence  of  moisture  content  on  the  com- 
pressive strength  of  various  lots  of  boxes,  made  of 
different  materials,  was  determined.  A formula  was 
derived  (5)  with  which  the  compressive  strength  of  a 
box  at  a specific  moisture  content  may  be  found  by 
relating  the  box  to  one  for  which  the  compressive 
strength  and  moisture  content  are  known. 

For  easier  use  of  the  relationship,  an  alignment  chart 
was  constructed  from  which  the  compressive  strength 
of  boxes  at  one  moisture  content  can  be  readily  inter- 
preted in  terms  of  another  moisture  content  (5). 


Resistance  to  Rough  Handling  in  the  Revolving  Drum  ^ 

Although  it  was  anticipated  that  general  trends  could  , 

be  established,  a close  correlation  between  compressive  | 

strength  and  the  results  of  rough-handling  tests  in  the  ^ 

hexagonal  drum  was  not  expected.  Past  experience 
had  shown  that  the  drum  test  is  less  precise  than  the  * 

compression  test,  and  that  test  values  vary  more  for  ’ 

boxes  tested  in  the  drum  than  for  those  tested  in  the  • 

compression  machine.  Generally,  the  boxes  that  ? 

attained  the  greatest  compressive  loads  also  attained  )| 

the  greatest  number  of  falls  in  the  drum.  i 


HOW  CAN  BASIC  DESIGN  DATA  BE  USED 


It  is  believed  that  the  information  obtained  in  this  , 

study  of  fiberboard  boxes  aird  their  basic  component 
paperboard  sheets  can  be  used : j 

1.  To  prepare  tables  and  charts  for  design  purposes  ^ 

and  general  specifications  applicable  to  various  box 

sizes,  load  limits,  and,  perhaps,  commodity  classifica- 
tions. 

2.  To  develop  design  criteria  that  can  be  used  by  the  \ 

box  manufacturer  in  quality-control  operations  as  well  ' 

as  for  design  purposes  to  meet  specific  use  requirements  p 

or  standards.  || 
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•-vhvrh  simplifies  the  use  of  design  data  for  both  solid  and  corrugated 
boxes. 


. (. 


introduction 


,T'  s.  Btu/rs,  STOVUS,  retrigexators. 
■/ashing  machines,  furnitui'.;, 
clothing,  and  literally  thousands 
l^  lrt.vkr,  today  are  packaged,  shipped, 
dispiayod,  and  sold  in  iib", r- 
wpjf  .onrainers.  New  uses  are  enn- 
Icing  made  of  fiberboard  and 
?e 'ja'-Hinrcd  for  the  phenonu-na) 
'he  industry  in  the  past  ?0 
If,  > ; ent  years  the  growth  has 
|n'trspcciaily  .significant  to  the  South 

hi  ; aj  ’.r  reports  research  utu'ertaken 
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i \ : .itttutt  for  tlie  Armed  Forces  and 

c ts:  ■<ficd  Ahi,  4\9  in  the  series  or 
tXir  publj  ation.  The  views  or 
■ ms  I or  . t.neC:  in  li.is  report  are  thiue 
a --.ho-  The;,  are  not  to  be  constiuod 
.til-  ily  .•cilectlni;  the  views  or  endorse- 
' -■'••e  beparimcnt  of  Defense, 
citnincd.  at  Madison,  Wis.,  in  coopera- 
th  th.-  University  of  Wisconsin. 
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where  paperboard  and  fiberboard  box 
manufacturers  have  expanded  their 
facilities. 

Bec,iuie  of  this  rapid  growth,  re- 
.search  h.a.s  lagged  developments  in  this 
field.  .Although  much  .has  been  done 
in  tltc-  way  of  basic  studies  of  fiber- 
board  for  shipping  containers,  and 
mucli  information  has  been  accumu- 

(fieprint  ^-^perience 

on  the  pL-uOcinance  of  if  contain- 
mare  work  loeeds  tcube  doac>  ££t- 


resistant.  This  would  provide  many 
new  uses  for  fiberboard.  Also,  more 
meaningful  specifications  for  fiber- 
board  boxes  need  to  be  developed. 

Recognizing  the  need  lor  design 
criteria  for  use  of  fiberboard  in  ship- 
ping containers,  the  Quartermaster 
Food  and  Container  Institute  for  the 
Armed  Forces  has  collaborated  for 
several  yeans  with  the  Forest  Products 
Laboratory  on  basic  rcAiearch  involv- 
ing the  strength  properties  ot  the  com- 
ponent paperboard  sheets,  the  built-up 
board,  and  the  finished  fiberboard  box. 

The  work  has  been  undertaken  la 
two  pha.ses.  The  first  phase,  devJop- 
mcTit  of  design  criteria  ioc  corrugated 
shipping  containers.  L-  partially  com- 
pleted (7.  8.  9.  10).  The  .second 
pliase.  which  primarily  involves  solid 
(iberb(.>ard,  has  bco-.n  started.  This 
paper  will  present  some  of  the  work 
that  has  been  done  in  the  second  phase 
of  the  work. 

Since  similar  materials  arc  used  in 
corrugated  fiberboard  and  solid  Jiber- 
board.  and  since  many  of  the  relation- 

3 Italic  figures  refer  tu  articles  li.slej  in  the 
Literature  Cited, 
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Phase  1 — Backgroacui  .1  nfcrinatii'O 

Early . studies  at  (lie  l-orei!'  PfOdLu  c- 
Laborarory  showed  tiiar  d’.e  s-rengo; 
propectie:>  of  the  compou'. 
board  sheets  could  be  coirelalc.-'  w-di 
those  of  the  bui.!t.  uo  I’.orJ  t L .7- 
4).  However,  rlx.-  c.irly  si.vi.iic;:,  w.hich 
involved  the  cvaliia;!''-.!  o:  p'apc.rbcard 
and  corrugated  iiberbo  :r,k  rnauc  use 
of  testing  ci.chnicjLies  ii:.u  wv . c consid- 
ered too  exacting  and  prc-o-.c  to-:  gen- 
eral use  (1).  Simple  res  ring  fcchnkrues 
were  needcii  hclcr-;,:  t.n:.-  use  ot  design 
criteria  could  be  nuue  nracdcal.  Ihere- 
forc,  when  ihc  wmrk  was  resumed 
after  World  W.ir  I.l  (th'S  siauy  "'as 
inactivxr  dui'ine,  the  war),  the  pnm.ary 
objective  was  to  develop  simple  tes:- 
ing  rechnicjiic.'-  9).  .'several  rc-c h- 
niejues  w'erc  rrieti  .md  evaluated.  1 he 
most  promising  component  tests  w'cre 
found  to  be  the  iing'-crusl'i  test  anci 
strip-vofi'.mn  test. 

Forni-u.is  'vrere  evolved  i 7 ) m which 
the  let!  .-alues  obtained  with  either 
the  fin."-criish  or  .strip-column  test  of 
paperboard  .slaeets  could  be  used  to 
pr'idiCi  the  compressive  strengrh  or 
•corrugated  boxes.  When  the  same  rest- 
ing techniciues  v/erc  tried  w-rn  the 
components  of  solid  nperboard,  tlie 
strip-column  test  was  found  ro  be-  the 
most  applicable.  The  heavier  strips  of 
paperboard  used  in  making  solid  fiher- 
■ b'Curd,  especiaih  the  tiller  sheets,  often 
cliccked  or  cracked  w'hen  they  were 
lormct!  intc>  the  circular  ring-crush 
specimeii  holder.  This  did  not  occur 
'vhen  the  strips  w'ere  Ixoid  srraight  he- 
cw'C'cn  tw'O  edge  clamps  in  the  strip- 
column  test. 

Development  of  a Design  Formula 
for  Corrugated  F.i.berb(.iard  Boxesi 
The  work  diat  had  been  done  :it  For- 


1 1953  PnEPnlJMl  forest  products  research  society  Z4b 

I Preliminary  copy  oi  a report  to  be  presented  at  the  Seventh  Annual  National  Meeting  to  be  held  at  Memphis.  Tenn.,  June  15,  16,  17,  1953.  Not  to  be 
!•  republished  except  upon  release  by  FPRS  Exec.  Secy.,  Box  2010.  Univ.  Sta.,  Madison  5,  Wis.  The  Society  is  not  responsible  for  the  views  expressed. 


Basic  Design  Data  for  Solid  Fiberboard 

Shipping  Containers' 

K.  Q.  KELLICUTT 

Engineer 
and 

E.  F.  LANDT 

Technologist,  Forest  Products  Laboratory, “ Forest  Service,  U.  S.  Department  of  Agriculture 


Paper  discusses  the  use  of  a formula  for  predicting  the  top-to- 
bottom  compressive  strength  of  solid  fiberboard  boxes  as  well  as  a 
means  of  interpreting  the  strength  values  for  various  moisture  con- 
tents of  the  fiberboard  and  a means  of  determining  stacking  loads 
for  boxes  in  storage.  It  also  discusses  the  box  strength  calculator, 
which  simplifies  the  use  of  design  data  for  both  solid  and  corrugated 
boxes. 


Introduction 

Nuts,  bolts,  stoves,  refrigerators, 
washing  machines,  furniture, 
food,  clothing,  and  literally  thousands 
of  articles  today  are  packaged,  shipped, 
stored,  displayed,  and  sold  in  fiber- 
board  containers.  New  uses  are  con- 
tinually being  made  of  fiberboard  and 
have  . accounted  for  the  phenomenal 
growth  of  the  industry  in  the  past  50 
years.  In  recent  years  the  growth  has 
been  especially  significant  to  the  South 
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as  necessarily  reflecting  the  views  or  endorse- 
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where  paperboard  and  fiberboard  box 
manufacturers  have  expanded  their 
facilities. 

Because  of  this  rapid  growth,  re- 
search has  lagged  developments  in  this 
field.  Although  much  has  been  done 
in  the  way  of  basic  studies  of  fiber- 
board  for  shipping  containers,  and 
much  information  has  been  accumu- 
lated (3,  6)®  as  a result  of  experience 
on  the  performance  of  fiber  contain- 
ers, more  work  needs  to  be  done.  Bet- 
ter and  cheaper  methods  need  to  be 
developed  for  making  fiberboard  water 
resistant.  This  would  provide  many 
new  uses  for  fiberboard.  Also,  more 
meaningful  specifications  for  fiber- 
board  boxes  need  to  be  developed. 

Recognizing  the  need  for  design 
criteria  for  use  of  fiberboard  in  ship- 
ping containers,  the  Quartermaster 
Food  and  Container  Institute  for  the 
Armed  Forces  has  collaborated  for 
several  years  with  the  Forest  Products 
Laboratory  on  basic  research  involv- 
ing the  strength  properties  of  the  com- 
ponent paperboard  sheets,  the  built-up 
board,  and  the  finished  fiberboard  box. 

The  work  has  been  undertaken  in 
two  phases.  The  first  phase,  develop- 
ment of  design  criteria  for  corrugated 
shipping  containers,  is  partially  com- 
pleted (7,  8,  9,  10).  The  ,second 
phase,  which  primarily  involves  solid 
fiberboard,  has  been  started.  This 
paper  will  present  some  of  the  work 
that  has  been  done  in  the  second  phase 
of  the  work. 

Since  similar  materials  are  used  in 
corrugated  fiberboard  and  solid  fiber- 
board,  and  since  many  of  the  relation- 

^ Italic  figures  refer  to  articles  listed  in  the 
Literature  Cited. 


ships  that  were  established  for  cor- 
rugated fiberboard  boxes  also  apply  to 
solid  fiberboard  boxes,  the  first  logical 
step  is  to  summarize  the  work  that 
has  been  done  on  corrugated  fiber- 
board. 

Phase  I — Background  Information 

Early  studies  at  the  Forest  Products 
Laboratory  showed  that  the  strength 
properties  of  the  component  paper- 
board  sheets  could  be  correlated  with 
those  of  the  built-up  board  (7,  2,  3, 
4).  However,  the  early  studies,  which 
involved  the  evaluation  of  paperboard 
and  corrugated  fiberboard,  made  use 
of  testing  techniques  that  were  consid- 
ered too  exacting  and  precise  for  gen- 
eral use  (7).  Simple  testing  techniques 
were  needed  before  the  use  of  design 
criteria  could  be  made  practical.  There- 
fore, when  the  work  was  resumed 
after  World  War  II  (the  study  was 
inactive  during  the  war),  the  primary 
objective  was  to  develop  simple  test- 
ing techniques  (7,  9).  Several  tech- 
nicjues  were  tried  and  evaluated.  The 
most  promising  component  tests  were 
found  to  be  the  ring-crush  test  and 
strip-column  test. 

Formulas  were  evolved  (7)  in  which 
the  test  values  obtained  with  either 
the  ring-crush  or  strip-column  test  of 
paperboard  sheets  could  be  used  to 
predict  the  compressive  strength  of 
corrugated  boxes.  When  the  same  test- 
ing techniques  were  tried  with  the 
components  of  solid  fiberboard,  the 
strip-column  test  was  found  to  be  the 
most  applicable.  The  heavier  strips  of 
paperboard  used  in  making  solid  fiber- 
board,  especially  the  filler  sheets,  often 
checked  or  cracked  when  they  were 
formed  into  the  circular  ring-crush 
specimen  holder.  This  did  not  occur 
when  the  strips  were  held  straight  be- 
tween two  edge  clamps  in  the  strip- 
column  test. 

Development  of  a Design  Formula 
for  Corrugated  Fiberboard  Boxes: 
The  work  that  had  been  done  at  For- 
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Figure  1. — Specimen  cutter  used  to  prepare  test  strips  of  paper- 
test.  Sample  strips  and  a ring-crush  specimen  holder  are  shown  in 
board  Vi  by  6 inches  for  either  the  ring-crush  test  or  strip-column 
the  foreground. 


Figure  2. — A paperboard  strip,  together  with  one  properly  inserted 
in  the  edge  clamps  used  for  strip-column  test. 


est  Products  Laboratory  on  applying 
the  thin  plate  theory  of  mechanics  to 
design  of  plywood  {11,  12,  13,  14) 
provided  a basis  for  a design  formula 
for  corrugated  hberboard  and  later 
for  solid  hberboard.  The  theory  could 
be  applied  because  both  of  these  mate- 
rials are  like  plywood  in  that  they  are 
nonisotropic.  From  the  plywood  for- 
mulas, a basic  design  formula  was 
evolved  for  corrugated  board.  This 
basic  formula  was  modified  and  sim- 
plified several  times  and  resulted  in 
the  following  formula  for  predicting 
the  top-to-bottom  compressive  strength 
of  A-,  B-,  and  C-flute  boxes  when  the 
flutes  are  vertical  in  the  side  walls: 

in  which 

P ■=:  total  compressive  strength  of 
box  in  pounds 

P,;  = composite  ring-crush  load  of 
built-up  board  (pounds  per 
inch) 

(Ppi  single  face  -|-  P,.,  dou- 
ble back  -(-  ocxPre) 

P^ I ring-crush  load  in 
pounds  per  inch  of 
a 1/2'  by  6-inch  strip 
of  liner  either  in  the 
with-  or  across- 
machine  direction, 
dependent  upon  P 
Pj-c  = ring-crush  load  in 
pounds  per  inch  of 
a 1/2"  by  6-inch  strip 
of  corrugating  me- 
dium in  the  across- 
machine  direction 


oc  = ratio  of  length  of 
corrugating  medium 
when  flat  to  its 
length  when  corru- 
gated (A-flute  1= 
1.523,  B- flute  = 
1.361,  C-flute  1= 
1.477) 

a,;^,  = either  8.36,  5.00,  or  6.10  for 
A-,  B-,  or  C-flute,  respec- 
tively 

Z = perimeter  of  box  in  inches 

J = box  factor  for  the  appropri- 
ate kind  of  fiberboard 
A-flute  = 0.59 
B-flute  = .68 
C-flute  = .68 

To  simplify  the  use  of  the  formula, 
alinement  charts  were  constructed  for 
A-,  B-,  and  C-flute  boxes  (7). 

To  further  simplify  the  use  of  the 
data,  a box  strength  calculator  was 
developed  (10).  The  calculator,  which 
consists  of  five  circular  disks  with  vari- 
ous scales  and  indexes  with  a hair-line 
indicator,  can  be  used  to  solve  design 
problems  by  simple  manipulations  of 
the  disks  of  the  calculator.  It  incorpo- 
rates design  data  for  corrugated  fiber- 
board  as  well  as  some  of  the  informa- 
tion that  has  been  accumulated  for 
solid  fiberboard. 

Phase  II — Solid  Fiberboard 

Several  forms  of  material  and  test 
methods  are  being  used  to  develop 
design  criteria  for  solid  fiberboard 
boxes.  Component  paperboard  tests 
are  made  with  the  strip-column  tech- 
nique; structures,  such  as  tubes  (a 
box  without  top  and  bottom),  and 


boxes  are  being  tested  in  compres- 
sion, and  some  dead-load  tests  are 
being  made  with  boxes.  The  tests  are 
being  conducted  in  various  atmos- 
pheres so  that  the  effect  of  moisture 
content  of  the  fiberboard  on  compres- 
sive strength  can  be  determined. 

Strip-column  Test:  The  strip- 
column  test  was  used  to  test  compo- 
nents of  the  solid  fiberboard.  The  test 
specimens  were  of  the  same  size  and 
cut  with  the  same  specimen  cutter 
used  for  preparing  the  ring-crush  test 
specimens  (fig.  1).  The  cut  specimens, 
1/2  by  6 inches,  were  held  straight  be- 
tween two  clamp  supports  (fig.  2) 
so  as  to  provide  a column  of  paper- 
board  l/3-inch  high  above  the  clamps. 
The  column  was  crushed  in  a testing 
machine  where  only  a single  value, 
that  of  maximum  load,  was  obtained. 
Specimens  were  prepared  so  that  both 
the  with-machine  and  across-machine 
directions  of  the  paperboard  compo- 
nents could  be  tested.  The  tests  were 
conducted  in  a room  maintained  at 
75°  F.  and  64  percent  relative  hu- 
midity. 


WIDTH  OF  PANEL  (INCHES) 

Figure  3. — Typical  buckling  curves  for 
cubical  A-f)ute  corrugated  tubes  and  cubical 
solid  fiberboard  tubes  in  sizes  ranging  from 
6 to  24  inches. 
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Table  1 — MAXIMUM  STRIP-COLUMN  CRUSH  VALUES  OF  TYPICAL  LINERS  AND 
PAPERBOARD  FILLER  STOCK 


Material  and  description 


I'  Liners 

1.  Fourdrinier  kraft. 

2.  Fourdrinier  kraft. 


^ Filler 

1.  Plain  chip 
' 2.  Plain  chip 

I 3.  Plain  chip. 


Basis 

With-machine  Across-machi: 

weight 

direction 

direction 

Lb./1,000 
sq.  ft. 

Lb./in. 

Lb./in. 

42 

15.9 

9.8 

54 

17.4 

12.6 

85 

29.8 

16.1 

100 

18.3 

11.0 

118 

23.6 

14.1 

137 

28.6 

17.4 

^ ■'  The  with-machine  values  were  as 
til  much  as  1.85  times  as  great  as  the 
i jl  across-machine  values  for  the  various 
liner  boards  tested.  For  the  filler 
[ sheets,  the  values  for  the  with-machine 
! direction  were  as  much  as  1.67  times 
as  great  as  the  across-machine  direc- 
, tion.  Typical  values  resulting  from  the 
I strip-column  test  for  some  liner  boards, 
||  as  well  as  for  some  of  the  filler  sheets, 
I are  shown  in  table  1 . 

,i|l  Relation  of  Strip-column  Values 
to  Built-up  Board:  It  was  found  that 
! the  single  strip-column  values  of  the 
' component  sheets  could  be  added  to 
i provide  a composite  value  for  the 
[built-up  board.  Although  these  com- 
tposite  values  were  lower  in  most  in- 
“ stances,  they  correlated  well  with  the 
*■  actual  crushing  loads  attained  for  sam- 
I pies  of  the  built-up  board.  The  higher 
^ lvalues  attained  for  the  built-up  board 
Ucan  be  accounted  for  by  the  additional 
p-  I stiffness  resulting  from  the  adhesive 

0 fused  on  the  components  of  the  built- 

1 up  board.  Also,  the  inner  sheets  of 
il  the  board  are  restrained  by  the  outer 
ei  sheets  and  attain  higher  crushing  and 
i buckling  values  than  when  tested 
4 without  support.  The  tests  of  the  built- 
e up  board  consisted  of  strips  I/2  by  3 
:)  inches  supported  in  the  same  edge 
[•  clamps  that  were  used  for  the  strip 
4 i column  and  arranged  to  provide  a free 
ij  column  of  l/g  inch  above  the  clamp, 
e,  Test  values  for  the  built-up  board, 
i individual  values  for  the  component 
til  papetboard  sheets,  and  composite 
It  values  obtained  by  adding  the  compo- 

0 nent  values  are  shown  in  table  2. 

After  this  relationship  between  tests 
of  the  components  and  tests  of  the 
“ built-up  board  was  established,  it  be- 
came apparent  that  the  same  general 
. scheme  could  be  used  to  calculate  the 
compressive  strength  of  a structure 
fabricated  from  the  built-up  board  as 

1 had  been  developed  for  corrugated 


board,  provided  the  relationships  that 
had  been  established  for  corrugated 
board,  involving  size  and  shape  of 
cross  section  and  height  of  the  tube, 
were  the  same. 

Compression  Tests  of  Solid  Fiber- 
board  Cubical  Tubes:  Top-to-bottom 
compression  tests  were  made  on  cubical 
tubes  fabricated  in  the  Laboratory 
from  sheet  stock  obtained  from  sev- 
eral commercial  box  plants.  The  tests 
included  sizes  of  4-,  6-,  8-,  12-,  I6-, 
and  24-inch  cubical  tubes  with  the 
machine  direction  of  the  paperboard 
either  parallel  or  perpendicular  to  the 
applied  load.  The  results  of  these 
tests  on  solid  fiberboard  tubes  revealed 
that  the  same  relationships  between 
load  and  size  did  exist  that  had  been 
found  for  corrugated  board  in  previ- 
ous studies.  The  buckling  curve  for 
cubical  corrugated  tubes  and  a similar 
curve  for  cubical  solid  fiberboard  tubes 
are  shown  in  figure  3.  Although  the 
curves  converge  slightly  for  the  small 
sizes,  they  are  generally  the  same 
shape  and  slope.  The  slope  of  the 
curve  for  solid  fiberboard  tubes  was 
found  to  be  one-third,  the  same  as 
had  been  previously  calculated  for  cor- 
rugated tubes.  Therefore,  the  same 
general  formula,  with  slight  modifica- 
tion, could  be  used  for  calculating 
the  top-to-bottom  compressive  strength 
of  the  solid  fiberboard  tubes  and 
boxes. 

Modification  of  Formula  to  Ap- 
ply to  Solid  Fiberboard:  The  for- 
mula was  modified  by  including  a fac- 
tor representing  the  grain  direction  of 
the  fibefboard  with  respect  to  the  ap- 
plied load  and  a box  factor  in  the 
formula  for  P.  By  comparing  actual 
tube  and  box  loads,  the  box  factor 
was  found  to  be  0.70.  By  using  values 
from  the  strip-column  test  rather  than 
the  ring-crush  test  for  the  determina- 
tion of  Pj  quantities,  good  correlation 
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Table  2 — TEST  VALUES  FOR  A BUILT-UP  BOARD  AND  COMPONENT  SHEETS 


Edgewise  crush  test  Edgewise  crush  test 
of  components  of  built-up  board 


Material  and  description 

With 

Across 

With 

Across 

Lb./in. 

Lb./in. 

Lb./in. 

Lb./in. 

1 . Fourdrinier  kraft.  

2.  Fourdrinier  kraft  . . 

15.9 

15.3 

9.8 

10.1 

.... 

Fillers 

1.  Plain  chip  _ 

2.  Plain  chip  _ 

22.9 

28.5 

15.3 

15.9 

.... 

.... 

Total  values.. 

51.1 

98.0 

68.0 

was  found  between  actual  top-to- 
bottom  compressive  test  loads  and  cal- 
culated loads  for  solid  fiberboard 
boxes  (table  3). 

Development  of  Duration-of-load 
Information  for  Solid  Fiberboard 
Boxes:  It  had  been  known  that  fiber- 
board  boxes  cannot  be  expected  to 
support  a stacking  load  equivalent  to 
the  load  attained  by  a compression  test 
of  a box  in  a testing  machine.  In  pre- 
vious tests  of  corrugated  boxes  it  was 
found  that  dead  loads  that  approached 
the  static  compressive  strength  of  the 
box  caused  failures  usually  within 
minutes  (8),  while  dead  loads  of 
about  60  percent  of  the  compressive 
strength  caused  failure  in  about  a 
month.  From  tests  of  many  corru- 
gated boxes,  conditioned  m various 
atmospheres,  the  relationship  between 
the  machine  test  load,  dead  load  of 
storage,  and  the  duration  of  load  was 
established  (fig.  4). 

Using  the  relationship  thus  estab- 
lished, duration-of-load  tests  were 
made  with  solid  fiberboard  boxes,  and 
the  failures  were  found  to  follow  the 
same  trends  (table  4). 

As  it  had  been  calculated  that  a 
load  representing  50  percent  of  the 
machine  test  value  of  a box  would 
cause  failure  in  about  300  days,  a long 
duration  test  was  started  with  a solid 
fiberboard  box  made  of  W5s  board. 
The  machine  test  load  attained  for 
similar  boxes  was  558  pounds.  Hence, 
a load  of  279  pounds  (50  percent) 
was  placed  on  the  box  September  25, 
1952.  At  the  end  of  March  1953,  187 
days  had  elapsed  and  it  appeared  that 
the  box  would  sustain  the  load  for 
the  calculated  300  days. 

These  tests  indicate  that  the  curve 
shown  in  figure  4 may  be  used  to  de- 
termine the  amount  of  dead  load  a 
box  can  be  expected  to  sustain  for 
specific  periods  of  time.  However, 
these  tests  were  conducted  with  boxes 
that  had  not  been  previously  rough 
handled  and  were  not  damaged.  Rough 
handling  prior  to  storage  will  reduce 
the  compressive  strength  of  the  box 
and  consequently  will  reduce  the 
duration  for  a specific  load. 

Duration-of-load  Data  Applied  to 
Boxes  in  Actual  Storage  Conditions: 
The  duration-of-load  information  was 
recently  applied  to  boxes  in  storage  in 
military  supply  depots.  A survey  of 
three  eastern  supply  depots  showed 
that,  without  exception,  when  the 
actual  load  on  the  boxes  in  stacks  ex- 
ceeded the  load  the  boxes  could  be 
expected  to  withstand  (based  on  cal- 
culated compressive  strength  values 
and  a specific  dead  load  for  a definite 
duration),  failures  had  resulted.  Con- 
versely, when  the  dead  loads  were 
within  the  reasonable  limits  of  the 
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DURATION  OF  LOAD  TO  CAUSE  FAILURE  (DAYS) 


Figure  4. — The  relationship  of  the  compressive  strength  of  a box  (machine  test  load)  and  the  dead 
load  that  wilt  cause  failure  in  specific  durations. 


data,  the  stacks  were  standing  and  no 
failures  were  apparent  or  imminent. 

In  the  early  part  of  the  investiga- 
tions, slight  changes  in  the  moisture 
content  of  the  boxes  during  a test 
were  found  to  reduce  the  duration, 
and  it  became  apparent  that  the  mois- 
ture content  of  a box  could  be  related 
to  its  compressive  strength. 

Relation  of  Moisture  Content  of 
Fiberboard  to  Compressive  Strength: 
From  tests  of  the  compressive  strength 
of  various  boxes  in  several  different 
atmospheres  in  conjunction  with  the 
duration-of-load  study,  it  was  found 
that  the  relationship  between  com- 
pressive strength  of  the  box  and  mois- 


ture content  of  the  fiberboard  could  be 
expressed  by  a formula  (7).  This  for- 
mula provides  a convenient  means  of 
finding  the  compressive  strength  of  a 
box  at  any  moisture  content  when 
its  compressive  strength  is  known  for 
a specific  moisture  content.  To  make 
it  easier  to  interpret  the  information, 
an  alinement  chart  was  constructed 
(%■  5). 

This  chart  was  first  used  for  corru- 
gated boxes,  but  was  found  to  apply 
to  boxes  made  from  solid  fiberboard, 
as  can  be  seen  by  comparing  the  actual 
test  values  with  the  calculated  loads, 
determined  with  the  chart,  shown  in 
table  5. 


Table  3 — SOME  TYPICAL  CALCULATED  AND  ACTUAL  TEST  LOADS 
FOR  SOLID  FIBERBOARD  BOXES 


Top-to-bottom  compres- 
sive strength  of  box 


Lot 

No. 

Components 

Basis 

weight 

Lb./1,000 

sq. 

Size  of  box 

Length,  Width,  Depth 
Inches 

Actual 

test 

Lb. 

Calculated 

value 

Lb. 

2S 

Fourdrinier  kraft  liners 
Chip  fillers 

279 

16M  X 12  X 5 

830 

■s 

795 

6S 

Fourdrinier  kraft  liners  ...  . .. 
Sized  chip  fillers 

332 

163^  X 12  X 5 

1,538 

1,560 

7SC 

Fourdrinier  kraft  liners. 
Chip  fillers 

200 

18H  xiysxSVs 

448 

431 

lOSB 

Jute  laminated  liners 

Chip  fillers 

375 

1634xl2Mx9% 

990 

1,100 

12S 

Jute  liners.  ..  — .... 

Chip  fillers 

345 

12M  xSVgxSy 

835 

805 

Table  4 — RESULTS  OF  DURATION-OF-LOAD  TESTS  OF  SOME  SOLID  FIBERBOARD 
BOXES  AT  VARIOUS  DEAD  LOADS 


Static  compressive  strength  of  comparable  box 
Pounds 

4S4 

475 

548 

522 


Actual  dead 

Ratio  of  dead 
load  to  static 
compressive 

Time  to 

load  on  box 

strength 

fail  ,re 

Pounds 

Percent 

Days 

340 

70 

1.35 

340 

72 

.25 

355 

65 

7.88 

310 

59 

28.70 

Uses  for  the  Data:  The  data  de- 
veloped as  a result  of  the  basic  study 
of  fiberboard,  both  corrugated  and 
solid,  will  serve  several  purposes. 

First,  it  will  provide  a basis  for 
charts  and  tables  for  use  in  preparing 
general  specifications  for  various  kinds 
of  fiber  boxes. 

Secondly,  having  been  applied  in 
the  Laboratory  to  commercially  made 
boxes,  the  information  will  provide  a 
means  of  checking  quality  control 
operations  in  commercial  box  manu- 
facturing plants.  To  simplify  calcula- 
tions, the  data  have  been  incorporated  ! 
into  a box  strength  calculator  (20) 
(fig.  6).  With  the  calculator,  the  top- 
to-bottom  compressive  strength  mayi’ 
be  determined  for  any  size  box  with 
various  combinations  of  components 
fabricated  into  either  corrugated  or 
solid  fiberboard.  Also,  the  stacking 
loads  for  specific  durations  can  be  de- 
termined, as  well  as  the  compressive  > 
strength  values  for  various  moisture 
content  values  of  the  fiberboard. 

These  studies  should  also  stimulate 
further  basic  research  on  fiberboard 
boxes  and  extend  their  use. 
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Introduction 


The  over-all  importance  of  the  pulp  and  paper  industry  in  the  United  States 
is  not  adequately  measxured  by  the  money  value  of  6,8  billion  dollars  at  which 
its  annual  output  of  products  has  been  valued.  Paper  in  the  modern  world  is 
a key  material  of  culture,  commerce,  and  industry.  Because  of  the  great 
demand  for  paper  in  the  United  States,  paper,  pulp,  and  pulpwood  have  been 
imported  for  a number  of  years  to  supplement  domestic  production.  At  the 
same  time,  there  is  recognition  of  need  within  the  country'’  for  the  profitable 
lase  of  neglected  tree  species  (particularly  hardwoods),  thinnings  from  the 
forests,  and  the  wastes  of  logging  and  lumber  manufacture.  It  is  appropriate, 
therefore,  that  a completely  equipped  pulp  and  paper  laboratory  is  maintained 
as  one  of  the  eight  major  research  divisions  of  the  U,  S,  Forest  Products 
Laboratory.  The  purpose  of  investigations  in  this  pulp  and  paper  laboratory 
is  to  increase  possibilities  of  economical  production,  higher  yield,  and 
better  pulp  quality  from  native  woods,  including  those  of  little  or  no  pres- 
ent utility. 

The  wide  usage  of  many  and  varied  pulp  and  paper  products  has  broxight  about 
constantly  growing  demands  for  such  products.  To  meet  these  demands,  it  is 
necessary  to  supplement  limited  supplies  of  the  relatively  few  coniferous 
woods  that  are  the  mainstay  of  the  indxistry  ^vlth  other  species  that  are  avail- 
able and  to  develop  satisfactory  conversion  methods  for  these  species.  Utili- 
zation of  other  available  species,  many  of  which  have  little  or  no  value  at 
present,  not  only  aids  in  supplying  the  increased  demand  for  pulpwood  but  also 
enables  improved  forest  management  and  provides  higher  returns  from  forest  land. 

Research  in  the  pulp  and  paper  division  has  the  following  objectives:  (l)  To 

improve  yield  and  quality  of  pulps  obtained  in  the  sulfate,  sulfite,  soda,  and 
other  chemical  processes,  and  in  the  semichemical  and  mechanical  processes; 
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(2)  to  develop  and  improve  unit  operations  in  chemical  and  mechanical  pro- 
cessing of  pulp,  such  as  the  bleaching joperati on;  (3)  to  determine  the 
relationship  of  fiber  properties  tb“the  properties  of  pulps  and  papers;  (4) 
to  develop  processing  conditions  for  making  paper,  paperboard,  wallboard, 
and  other  pulp  and  paper  products;  and  (5)  to  find  means  for  more  complete 
utilization  of  species  characteristic  of  various  geographical  regions. 

To  accomplish  the  objectives  of  this  program,  facilities  are  provided  for 
conducting  investigations  and  demonstrations  through  both  laboratory  and 
pilot-plant  stages.  The  equipment  consists  of  machinery  for  handling  and 
preparing  wood  through  the  entire  sequence  of  pulp  and  paper  processing  and 
several  laboratories  for  testing  pulps  and  papers.  This  equipment  serves 
to  meet  a major  objective  in  evaluating  various  species  of  wood  for  pulp  ana 
paper  and  is  also  adapted  to  investigations  designed  to  improve  eind  perfect 
techniques  in  pulp  and  paper  manufacture. 

Preparation  of  Wood  for  Pulping  . 

The  wood  received  at  the  Laboratory  for  experiments  in  pulp  and  paper  making 
is  often  especially  selected  and  cut  so  that  the  influence  of  any  growth 
variables  can  be  determined.  Data  are  taken  relative  to  growth  conditions 
in  the  field,  such  as  type  of  soil,  climate,  density  and  character  of  the 
stand,  and  other  factors.  At  the  Laboratory,  determinations  are  made  of  vari- 
ous characteristics  and  properties,  such  as  rate  of  growth;  specific  gravity; 
proportions  of  heartwood,  sapwood,  springwood,  and  summerwood;  color;  degree 
of  decay;  chemical  composition;  and  other  pertinent  factors, 

Pulpwood  is  peeled  with  hand  tools  or,  if  large  quantities  are  being  handled, 
on  a bark- peeling  machine.  For  chemical  pulping,  the  peeled  wood  is  chipped 
in  a small,  commercial-sized  pulpwood  chipper  of  standard  design,  and  the 
chips  screened  to  remove  fines  and  over-sized  pieces  on  a screen  operating 
with  a horizontal  rotary  motion  (fig,  l) . The  chips  can  be  conveyed  mechanic- 
ally to  a chip  bin  or  stored  in  metal  containers  until  needed  for  cooking 
experiments . 


Pulping  Equipment 
Chemical  and  Lemichemical  Pulping 

Chemical-  and  semi  chemical -pulping  experiments  are  conducted  in  vessels  varying 
in'  capacity  from  beaker-size  to  a 225 -cubic -foot  digester.  They  are  designed 
to  operate  under  the  widest  possible  range  of  conditions  with  a high  degree  of 
flexibility. 

The  smallest -scale  experiments  are  made  in  calorimeter- type  bombs,  which  arc 
of  stainless^s.teel  and  have  a capacity  of  350  cubic  centimeters.  The  bombs 
are  heated  in  thermostatically  controlled  glycerine  or  oil  baths.  Experiments 
are  conducted  on  this  scale  when  the  greatest  accuracy  is  desired  or  when  only 
a small  amount  of  material  is  needed  for  subsequent  analysis. 
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Small-scale  digestions  for  producing  2 to  5 pounds  of  pxilp,  sufficient  for 
making  pulp-strength  and  bleaching  tests,  are  made  in  autoclaves.  For  alkaline 
digestions,  three  cast-steel,  spherical  rotaries,  which  have  individual  vol- 
umes of  0.5  cubic  foot  and  are  jacketed  for  indirect  heating,  are  available 
(fig.  2).  Four  stainless -steel,  rotary  autoclaves,  which  have  volumes  of  O.S 
cubic  foot  and  jackets  for  indirect  heating,  are  used  for  acid,  neutral,  or 
alkaline  digestions.  The  cooked  chips  are  dimiped  from  the  autoclaves.  Com- 
pletely cooked  chips  are  macerated  with  water  in  a tank  equipped  with  a 
propeller-type  stirper.  Semi chemically  softened  chips  are  fiberized  in  an  8- 
inch,  s ingle -rotating-disk  mill.  The  pulp  is  then  screened  on  a diaphragm 
screen  having  a slotted  screen  plate  that  is  9 by  12  inches  in  size.  The 
screened  pulp  is  pressed  in  a hydraulic  press,  and  the  press  cake  is  disin- 
tegrated in  a specially  designed  apparatus  for  the  yield  determination. 

Larger  quantities  of  chemical  and  semi chemical  pulps  are  produced  in  two 
tumbling- type  digesters  having  capacities  of  I5  cubic  feet  each  (fig.  3) • 

These  digesters  have  steam  jackets  and  can  be  heated  indirectly  or  directly. 
They  are  constructed  for  pressures  up  to  ^00  pounds  per  square  inch.  One 
digester  is  made  from  steel  plate  and  is  used  for  alkaline  digestions;  the 
other  has  a stainless -steel  lining  and  is  suitable  for  either  acid  or  alkaline 
pulping,  \Ihen  the  digestion  is  completed,  the  chemical  pulps  are  blown  into 
a blo^^q)it  lined  with  stainless  steel.  The  semi  chemically  softened  chips  are 
discharged  by  dumping  into  a drain  box  and  are  then  fiberized  in  a commercial- 
size  disk  mill,  screened,  and  wet  lapped.  Approximately  50  pounds  of  chemical 
pulp  or  73  pounds  of  semichcmical  pulp  can  be  made  in  these  digesters,  which 
are  sufficient  amounts  for  short  paper-making  experiments  on  the  Laboratory 
papef  machine. 

A much  larger  digester  with  a volume  of  225  cubic  feet  (fig,  4)  is  used  to 
supply  pulp  for  extensive  paper-making  experiraents  or  even  for  mill-scale, 
paper-making  demonstrations.  This  digester  holds  the  chips  from  1 cord  of 
wood  so  that  approximately  one-half  ton  of  chemical  pulp  or  three-fourths  of 
a ton  of  semichemical  pulp  can  be  produced  from  each  digestion.  It  is  lined 
with  stainless  steel  and  is  equipped  for  circulation  of  the  cooking  liquor 
through  an  external  heater  having  stainless -steel  tubes.  The  digester  has 
a working  pressure  of  200  pounds  per  square  inch.  The  chemical  pulp  is  blown 
into  a wooden  blowpit  and  then  is  slushed  from  the  blowpit  through  pipe  lines 
to  stock  chests  for  subsequent  screening  and  wet  lapping.  The  semichemically 
softened  chips  are  discharged  throu^  the  bottom  of  the  digester  to  a drag 
conveyor,  which  conveys  the  chips  to  a pipe  line  for  flowing  them  to  the  chest 
supplying  the  disk  mill. 

Wood  and  metal  tanks  and  other  necessary  auxiliary  equipment  are  available 
for  liquor  preparation,  pulp  washing,  and  pulp  and  liquor  storage. 

Groundwood  or  Mechanical  Pulping 

The  experimental  pulpwood  grinder  (fig.  5)  is  a three-pocket,  hand-fed  type 
with  a capacity  of  approximately  2 tons  of  air-dry  pulp  per  2k  hours.  The 
grinder  is  of  commercial  size  with  regard  to  the  widths  of  the  pockets  (16 
inches)  and  the  diameter  of  the  grindstone  (54  inches).  The  face  of  the 
stone,  however,  is  only  8 inches  across.  The  wood  blocks  or  log  sections 
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used  for  grinding  are  cut  6 inches  in  length.  The  available  grinding  surface, 
based  on  length  of  wood  and  width  of  pockets,  is  288  square  inches,  which  is . 
about  one-fourth  that  of  a commercial  grinder  using  wood  in  2-foot  lengths. 

Both  natural  and  artificial  pulp-grinder  stones  of  various  types  are  available. 

The  grinding  pressure  is  separately  controlled  in  each  pocket  at  any  desired 
pressure  up  to  100  pounds  per  square  inch  of  pocket  area.  The  pressure  is 
obtained  by  oil-operated  pistons  capable  of  delivering  (l)  a constant  press\ire 
with  a rate  of  advance  varying  with  the  resistance  offered  by  the  wood  or  (2) 
a constant  rate  of  advance  with  a variation  in  pressure  within  the  operating 
range.  The  use  of  oil  in  the  cylinders  reduces  both  piston  friction  in  the 
cylinder  and  piston-rod  friction  through  the  gland.  To  further  reduce  friction 
losses,  the  sides  of  the  pockets  are  fitted  with  chromium-plated  steel  strips 
upon  which  the  wood  bears.  These  unusual  methods  of  pressure  control  are 
highly  desirable  for  experimental  pxjrposes  because  of  their  added  flexibility. 
The  piston  stroke  is  approximately  2k  inches.  Therefore,  each  pocket,  when 
filled  to  capacity  with  roxand  bolts  6 inches  in  length,  contains  a gross  volume 
of  wood  of  about  1.25  cubic  feet,  or  approximately  1 cubic  foot  of  solid  wood. 

The  grinder  is  powered  by  a two-speed,  squirrel-cage  induction  motor  capable 
of  delivering  250  and  350  horsepower  at  the  lower  and  higher  speeds,  respec- 
tively, The  motor  is  connected  to  the  grinder  shaft  through  a three-speed 
gear  reducer,  thus  making  available  six  opei^ting  speeds  of  the  grinder  stone, 
ranging  from  3,000  to  6,500  peripheral  feet  per  minute. 

Power-consumption  measurements  are  corrected  for  motor  efficiency  and  trans- 
mission losses  so  that  the  results  are  close  to  the  actual  energy  required  to 
reduce  the  wood  to  pulp.  The  grinder  is  equipped  with  temperature  control  for 
both  the  shower  water  and  the, grinder  pit. 

The  groundwood  pulp  is  screened  on  a rotary,  scraper  type  of  sliver  screen, 
which  has  a screen  plate  36  inches  wide  and  l8  inches  in  radius.  From  this 
screen,  the  piilp  passes  through  a flat-plate  screen  of  standard  design  and 
over  an  experimental-sized  wet  machine. 

In  effect,  this  grinder  is  standard  in  all  respects  except  stone  width.  In 
addition,  it  has  features  that  permit  the  application  of  much  exaggerated 
conditions  of  grinding.  Thus  the  machine  is  adapted  to  basic  research  as  well 
as  standard  applied  studies. 

For  use  in  basic  gro\andwood- pulping  studies,  there  is  also  available  a miniature 
size  grinder  for  making  only  a pound  or  so  of  pulp  in  each  experiment.  The 
apparatus  consists  essentially  of  a 'small  pulpstone  (7-inch  diameter  and  1-1/2-!- 
inch  face)  directly  connected  to  a 3-horsepower  motor  to  provide  a peripheral 
speed  of  the  stone  of  about  3^200  feet  per  minute.  The  grinder  housing  and 
other  parts  are  made  of  stainless  steel  to  permit  the  use  of  corrosive  chemi- 
cals in  the  grinder  water.  The  wood  is  fed  to  the  stone  through  a square  tube 
extending  about  6 feet  vertically  above  the  grinder.  The  area  of  wood  in  con- 
tact with  the  stone  is  1 square  inch.  The  pressure  of  the  wood  on  the  stone 
is  adjusted  by  the  use  of  directly  applied  weights.  The  machine  is  equipped 
with  instruments  for  power  measurement  and  temperature  control.  This  type  of 
grinder  does  not  give  results  that  are  strictly  comparable  to  those  obtained 
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on  a conmercial  grinder  or  the  semi commercial  type  grinder  described  above, 
but  is  an  adjunct  to  such  equipment  by  providing  a means  of  more  precise 
observation  of  some  of  the  operating  variables. 


Asplund  Defibrator  ” 

The  Asplund  mill  shown  in  figure  6 is  a laboratory- size,  stainless-steel 
defibrator  for  producing  a coarse  type  of  fiber,  such  as  is  used  In  the  manu- 
facture of  roofing  and  deadening  felts,  insulating  board,  and  hardboard.  It 
consists  of  a cylinder  of  2-5A“gallon  capacity,  fitted  with  an  axial  shaft 
from  which  radiate  fovir  steel  blades.  These  blades  extend  radially  to  within 
about  one -eighth  of  an  inch  of  the  cylinder  wall  but  only  about  one -hundredth 
of  an  inch  from  the  four  equally  spaced,  steel  bed  plates  that  extend  the  full 
length  of  the  cylinder.  The  chip  charge  is  approximately  1 pound  on  a moisture - 
free  basis. 

In  operation,  the  chips  in  the  cylinder  are  treated  with  steam  at  175  pounds 
per  square  inch  for  2 or  3 minutes.  The  defibrator  blades  are  then  rotated  at, 
about  1,700  revolutions  per  minute  for  2 to  4 minutes.  Next,  the  pressure  is 
released  by  exhausting  the  steam  through  a cyclone.  The  front  of  the  defibratoi 
is  removed,  and  the  fiberized  material  is  washed  out. 


Pulp  Screening  and  Dewatering 


Pulp  Screen 

Small,  9"  t>y  12-inch,  flat-plate  screens  are  used  for  screening  batches  that 
consist  of  only  a few  pounds  of  pulp.  A 12-plate  flat  screen  is  used  for 
screening  both  mechanical  and  chemical  pulps  made  in  semi commercial  quantities. 
Screen  plates  having  slot  openings  from  0,006  to  0.0l6  inch  wide  are  available^ 
and  the  screen  vat  may  be  arranged  to  screen  continuously  in  two  stages  to 
provide  cleaner  pulps.  The  drive  mechanism  provides  for  control  of  both 
frequency  and  amplitude  cycles  over  a wide  range. 

Wet  Machines 


Two  conventional -type  wet  machines  are  available  (fig.  7)  for  converting 
screened  pulp  into  a form  suitaole  for  handling  and  storage.  The  capacity  of 
the  smaller  machine  ranges  from  about  100  pounds  of  oven-dry  pulp  per  hour  for 
groundwood  pulp  to  about  250  pounds  per  hour  for  siulfite  or  Icraft  pulp.  The 
larger  wet  machine  will  handle  approximately  50  percent  more  pulp  per  hour 
ttian  the  smaller  machine.  Both  machines  may  be  used  to  produce  lapped  or 
single-web  pulp  having  a dry-fiber  content  of  about  30  percent. 


i" 
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Chemical  and  Mechanical  Proceasin^  of  Pulp 


Pvilp  Bleaching  and  Purification 

The  pulp  bleaching  and  purification  facilities  include  equipment  for  pilot- 
plant  work  as  well  as  for  experiments  on  a laboratory-bench  or  10-pound  scale. 

The  pilot-plant  equipment  (fig,  8)  is  designed  for  batch  operation  and  com- 
prises a rubber-lined  chlorinator  equipped  with  shrouded  impellers  and  a 
variable  speed  drive,  a unit  for  either  extraction  or  hypochlorite  treatments, 
a stock-dilution  tank,  and  a vacuum  washer.  From  60  to  200  pounds  of  pulp, 
depending  on  the  kind  and  the  consistence,  can  be  processed  in  the  cliiorinator 
Liquid  chlorine  is  passed  through  an  evaporator,  and  the  chlorine  is  in- 
jected into  the  chlorinator  throu^  a pipe  at  the  botton  impeller.  The  amount 
of  chlorine  used  is  determined  by  the  weight  of  liquid  chlorine  taken  from  the 
cylinder . 

After  chlorination,  the  pulp  di^ps  into  a stock-dilution  tank  and  is  then 
pumped  to  the  vacuum  washer  on  a platform  above  the  reaction  units.  From  the 
washer,  the  pulp  falls  through  a chute  to  cither  of  the  two  reaction  units. 

Circulation  of  stock  in  the  \anit  used  for  extraction  or  hypochlorite  treatment 
is  obtained  by  means  of  a stationary  draft  tube  enclosing  a screw  with  a 
sweep  arm  at  the  bottom.  All  surfaces  that  come  in  contact  with  stock  are 
stainless  steel.  Steam  prossxire  up  to  50  pounds  per  square  inch  can  be  ad- 
mitted directly  at  the  top.  Circulation  is  satisfactory  over  a consistence 
range  of  9 to  l4  percent  and  frean  35  to  I50  pounds  of  pulp  can  be  processed 
at  one  time.  Stock  is  discharged  by  gravity  to  the  dilution  tank. 

The  drum  of  the  vacuum  washer  is  3 feet  in  diameter,  has  a 12-inch  face,  and  i 
equipped  with  a variable  speed  drive,  A dandy  roll  is  placed  just  ahead  and 
a press  roll  just  after  the  shower.  A pin  shredder  is  used  to  break  up  the 
sheet  discharged  by  the  washer.  All  parts  of  the  washer  that  come  in  contact 
with  stock  are  either  rubber-covered  or  made  of  stainless  steel. 

A supply  of  1/ater  containing  not  more  than  7 parts  per  million  of  total  solids 
is  available  for  bleaching  and  purification  of  pulp. 


Disk Fiber! zers 


An  8-inch,  single-rotating-disk  attrition  mill  is  available  for  fiberizing 
small  batches  of  scmichemlcal  pulp  or  pulp  produced  in  the  Asplund  Defibrator. 
It  is  shown  in  figure  9» 

The  fiberizer  shown  in  figure  10  is  a commercial-sized,  doublc-revolving-disk 
attrition  mill  that  can  be  used  to  fiberizc  larger  quantities  of  materials, 
such  as  raw  or  partially  cooked  wood-pulp  chips,  screen  rejects,  straw,  or 
waste  paper.  The  two  36-inch-diaaneter  disks  or  heads  of  the  mill  are  fitted 
with  interchangeable  processing  plates  and  have  cui jus table  clearance  between 
the  plates.  They  are  driven  in  opposite  directions  at  a speed  of  1,200  revolu 
tions  per  minute  by  individual  125 -horsepower  motors  mounted  directly  on  the 
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mill  shafts.  Stock  is  fed  to  the  mill  by  means  of  a screw- type  feeding  device 
equipped  with  a variable  speed  drive,  and  the  flow  of  stock  is  further  aided 
by  showers  of  water  that  contro,!  the  consistence. 

Factors  that  affect  the  type  and  degree  of  processing  obtainable  with  the  mill 
are  plate  pattern,  direction  of  rotation  for  the  specific  plate,  clearance 
between  plates,  rate  of  feed,  consistence,  temperature,  power  load,  and  speed. 
Production  capacity  varies  from  5 to  6 or  more  tons  per  day,  depending  on  the 
material  and  the  type  of  processing  required. 


Beaters 

Three  beaters  with  respective  capacities  of  5^  50  (fig*  H)>  and  125  pounds 
are  available.  The  tub  design  of  each  beater  assures  rapid  circulation  and 
thorough  mixing.  The  50-  and  125 -pound  beaters  are  driven  by  15 -horsepower 
motors  through  V-belts,  the  peripheral  roll  speeds  of  each  being  about  1,850 
feet  per  minute. 

The  50-pound  beater  has  a counterbalanced  roll,  bronze  tackle,  and  5/16-inch- 
wide  bars  in  the  roll  and  l/4-inch-wide  bars  in  the  bedplate.  With  careful 
handling,  greaseproof  stock  can  be  prepared  in  this  beater.  The  125-pound 
beater  has  corrosion-resistant  steel  tackle,  the  bar  width  in  both  roll  and 
bedplate  being  one-fourth  inch. 

Beating  is  generally  done  with  the  roll  at  the  bedplate  setting,  the  duration 
of  beating  being  controlled  by  freeness  and  strength  tests. 


Jordans 


Figure  12  shows  the  two  experimental- size  jordans  and  a metering  device  that 
controls  the  rate  of  the  stock  fed  to  them  from  the  paper-machine  chest.  Stock 
feed  lines  are  arranged  so  that  the  jordans  may  be  used  individually,  in  series, 
or  in  parallel.  The  plugs  of  the  jordans  are  about  15  inches  long  with  end 
diameters  of  about  8 and  11  inches.  The  bars  are  corrosion-resistant  steel 
and  are  l/8  inch  wide  at  the  face.  Adjustable  speed  drives  are  used.  Plug 
setting  is  achieved  by  pneumatic  loading,  which  permits  control  firom  the  central 
panel  of  the  paper  machine. 


Fourdrinier  Paper  Macliinc 

The  paper  machine  at  the  Laboratory  (fig.  15)  is  designed  for  small-scale 
production  of  a wide  variety  of  papers,  ranging  from  blotting  to  glassine  and 
tissue  to  paperboard.  It  forms  a sheet  13  inches  in  width.  The  machine  con- 
sists of  nine  sections,  the  Fourdrinier  forming  unit;  three  wet  presses,  the 
last  being  a reversing  type;  a smoothing  press;  two  dryer  units  totaling  20 
dryers,  with  a size  press  between  the  twelfth  and  thirteenth  dryers;  and  a 
calender  stack  and  reel  unit.  All  units  of  the  machine  are  driven  by  a dif- 
ferential electric  drive  designed  for  precision  control  of  speed  and  inter- 
sectional variations  in  speeds  or  "draws."  The  power  units  for  each  section 
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aro  energized  from  a synchronous  alternator,  vhich  is  driven  by  an  adjustable- 
speed,  direct-current  motor  of  10  horsepower.  The  speed  range  is  from  11  to 
525  feet  per  minute.  Remote  controls  are  provided  for  draw  adjustment  of  each 
\jnit. 

The  stock  is  passed  through  a flat  screen  before  going  to  the  paper  machine. 

The  Foiirdrinicr  has  an  adjustable,  horizontal-orifice  inlet  for  controlling 
the  flow  of  the  stock  from  a streamlined  flow  box  to  a 36-foot  wire.  It  is 
equipped  with  36  table  rolls,  2-l/2  inches  in  diameter,  and  four  flat  suction 
boxes  exhausted  by  a rotary,  wet-vacuum  pump.  A dandy  roll  is  mounted  above 
the  wire  just  after  the  second  suction  box.  The  shake  arrangement  is  adjust- 
able for  frequency  and  amplitude.  Trays  are  provided  for  returning  white  water 
to  the  system  through  a meter  unit  leading  to  the  stock  from  the  jordans.  The 
top  couch  roll  is  removable  for  operations  not  requiring  pick-up  felts  for 
lightweight  papers . 

Ihe  three  press  sections,  which  have  11- inch  diameter,  rubber-covered  bottom 
rolls,  and  brass  or  granite  top  rolls,  are  of  conventional  design  and  are 
loaded  pneumatically.  The  15-inch  diameter,  semisteel  dryers  are  steam  heated, 
calender  stack  consisting  of  seven  rolls,  is  supplied  with  an  auxiliary 
pu  iiunatic  system  for  controlling  pressure  to  achieve  various  degrees  of  finish 
ia  the  paper.  The  calendered  paper  can  be  woimd  on  a reel  or  on  3-inch- 
diameter  cores , 


Equipment  for  Making  Laminated-paper 
Plastics,  V/allboard,  and  Hardboard 


' \ 

I 

Machine  for  Impregnating  Paper  with  Resin 

Figure  l4  shows  the  machine  used  in  impregnating  paper  with  resin  for  making 
laminated- paper  plastics.  The  internal  dimensions  of  the  tower  are  approxi- 
mately 9 hy  l4  inches,  and  its  height  is  11  feet.  The  heating  chamber  at  the 
base  measures  approximately  20  by  20  by  13  inches.  Vapors  are  drawn  off  from 
the  top  of  the  tower,  together  with  the  air  that  enters  at  the  bottom  of  the 
heating  chamber  and  passes  through  the  tower.  ! 


The  resin  solution  is  applied  to  one  or  both  sides  of  the  paper  by  means  of  a 
roller  mechanism.  The  treated  paper  passes  into  the  top  of  the  drying  tower 
throiigh  a l/4-inch-side  slot  and  emerges  at  the  bottom  through  a similar  open- 
ing. The  paper  is  pulled  through  the  treater  by  a rubber- covered  drive  roll 
located  at  the  bottom  between  the  tower  and  rev/ind  drum.  The  control  of  the 
drive  roll  permits  a variation  of  paper  speed  from  3 to  10  feet  per  minute. 

Assemblies  of  the  resin- treated  paper  are  molded  in  hot  presses  into  laminated- 
paper  plastic. 
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Formation  of  Insulating  Board  and  Hardboard 


For  standard  test  purposes,  a p\ilp  mold,  which  is  l8  inches  square  and  has  a 
suction  lift,  is  used  for  making  insulating-hoard  and  hardboard  mats.  The 
mats  are  dewatered  and  compressed  to  the  desired  thickness-  in  a press.  The 
insulating  type  of  boards  are  dried  in  a forced-draft  oven;  hardboards  are 
compressed  to  desired  thickness  and  dried  in  a hot  press. 

The  apparatus  shown  in  figure  15  is  used  to  determine  the 'freeness  of  the  pulp 
stock,  and  the  8-l/2-inch-diameter  mat  formed  in  making  this  determination  can 
be  subsequently  compressed  and  dried  as  described  above. 


Presses  and  Dryer 


For  pressing  insulating  board,  hardboard,  and  laminated  plastics,  several 
presses  are  a-vailable,  most  of  which  have  automatic  devices  for  control  of  the 
temperature  and  pressure.  These  presses,  five  in  number,  range  in  size  of 
platen  from  l4  by  12  inches  to  26  by  106  inches.  The  larger  presses  are  used 
for  fabricating  fiberboard  and  wood-faced  sandwich  panels,  A 72-  by  52-inch 
Coe  dryer,  used  primarily  for  drying  plywood,  is  also  available  for  drying 
fiberboard  panels . 


Corr^ggating  Machine  and  Box -malting  Equipment 

Corrugating  board  made  on  the  Fourdrinier  paper  machine  can  be  corrugated  and 
single-  or  double-faced  on  a 52-inch  corr\igating  machine.  Facilities  are 
available  for  fabricating  and  testing  shipping  containers  made  of  corrugated- 
fib  erboard. 


Chemical  and  Physical  Testing  of  Pulps,  Papers,  and  Boards 


Facilities  are  available  for  making  complete  chemical  analyses  of  wood  and 
piilp,  including  all  the  standard  tests  as  well  as  special  tests  if  desired. 

The  physical  evaluation  of  pulp  is  made  by  processing  it  in  a 1-1/2-pound- 
capacity  test  beater  or  a pebble  mill.  Samples  are  removed  from  the  beater 
or  pebble  mill  at  regular  intervals,  the  freeness  is  determined  by  means  of  a 
Schopper-Eiegler  or  Canadian  Standard  freeness  tester,  and  test  sheets  are 
made  on  a 9“  by  7*inch  sheet  mold  (fig.  16)  or  a British  sheet  machine. 

After  the  test  sheets  are  dried  in  metal  frames  to  prevent  wrinkling,  they  are 
conditioned  and  tested  in  a room  maintained  at  75°  F*  and  a relative  humidity 
of  50  percent  (fig.  17).  Physical  tests  are  made  on  these  pulp  sheets  and  on 
papers  made  on  the  Fourdrinier  paper  machine  by  means  of  I-fullen  bursting-strengt 
testers,  Elmendorf  tear  testers,  pendulum-type  tensile  testers,  and  folding- 
endurance  testers. 

Other  equipment,  which  is  used  as  required,  consists  of  a densometer,  glari- 
meter,  opacimeter,  reflec tome ter,  moisture-vapor- transmission  cabinet,  abrasion 
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tester,  smoothness  tester,  crush- resistance  tester,  apparatijs  for  determining 
the  fiber-size  distribution  of  pulp  by  screen  analysis,  accelerated-aging 
equipment,  facilities  for  the  determination  of  the  haze  tendency  of  pulp  on 
acetylation,  a standard  shredder  and  other  equipment  for  the  preparation  and 
filtration  of  viscose  solutions  and  the  determination  of  their  viscosity,  and 
instruments  for  making  visible  ultraviolet  and  infrared  absorption-spectra 
measurements.  Standard  machines  are  available  for  determining  the  strength, 
stiffness,  toughness,  dimensional  stability,  moisture  absorption,  and  other 
properties  of  wallboard,  hardboard,  and  laminated  plastics. 
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Figure  lc=-"Pulpwood  chipper  and  chip  screen. 
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Figure  2. -“Spherical  autoclaves  used  for  2-pound-scale  alkaline 
pulping „ 
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Figure  4 «<= -Digester  used  for  000-pound-scale  acid  and  alkaline 
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Figiire  8o -“Equlptaent  for  bleaching  and  purification  of  pulp  = 
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Flg-ure  10 o* -Thirty- six- inch  double-revolving-disk  attrition  mill’o 
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Figure  IJ .-^Experimental  Fourdrinier  i>aper  machine,, 
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Figure  1'3^~-The  Defihrator  freeness  tester  and  mat-forming  machine 
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